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" I have just proved that lightning does not damage buildings on which it fulls, when they arc 
pro%-ided with proper conductors. These apparatuses, if sufficiently multiplied, are almost certain 
preservatives. I know of no ruse in which their efllcacy has failed, in which there havo not boon 
immediately discovered palpable errors of construction ; I do not, however, wish to affirm the 
ocourrence of very rare exceptions to be absolutely impossible.'’—iiruyo'* MfJttwrologicol Muay$. 
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The Papers which form this number of the Government Se¬ 
lections, are, for the most part, of a controversial character, 
and relate to a subject which must be of the greatest interest 
to the General Public as well as to the Officers attached to the 
I’ublic Works Department. So long ago as the year 1838 Sir 
William O’Shaughnessy (the distinguished Superintendent of 
I'llcctric Telegraphs in India) was requested by the late Military 
Board to report upon the expediency or otherwise of 
lightning conductors to Powder Magazines. His report was 
\iu fa vorable to the adoption of these conductors, as generally 
constructed and applied; and his adverse opinions were repeated 
and enforced at great length, and with much ability, in two 
subseciuent reports. Tlie two first of these reports were sub¬ 
mitted by the Honorable Court of Directors for the opinions of 
■Professors Faraday and Daniell, and the last report was referred 
to Professors Faraday and Wheatstone. 

These three gentlemen,—all acknowledged Authorities on such 
subj(?cts,—^were strongly in favour of Lightning Conductors, in 
the efficacy of wliich they had the utmost confidence; and 
they combated seriatim all the arguments adduced by Sir Wil¬ 
liam O’Sliaughnessy. 

It is here but right to explain that the last report of Sir 
William O’Shaughnessy having been written in the year 1844, 
it is possible that since tl^ he may have modified his views; 
but his absence from li^dia Jkhis time is* a bar to obtaining 
his present opinions on the subject. It idis not been thought 
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necessary, however, to refrain/rom the publication of the Papers 
on these grounds, for the value of such a discussion in the 
final solution of the important questions at issue cannot but 
prove very great. Tlie reader wlio may already believe in tlio 
eflRciicy of lightning conductors, will doubtless, on a reconsi¬ 
deration of the subjecl. here so ably argued, find ample grounds 
for the confirmation of liis views; whilst to him wlio may have 
been in doubt, will be afforded a more satisfactory basis on which 
to form a decision, than could perhaps be obtained from any 
exhibition of one side only of the question at issue. 

4 . 

I' 

It is not, hoAvcver, the controversial character of these ]);ipers 
that gives them their great value. It is true that tliey cliietly 
rebijbc^ to the a])i)licatioa of lightning conductors to i^owder 
Magazines; but scattered throughout the correspoiidencc^, will 
be found the fullest practical information derived from tlui 
highest authorities, upon every point of detail, that Avill enable 
any person to understand how to apply properly cousirueted 
conductors to buildings of every (lescription. Tlie report of a 
Committee of Officers of tlie Corps of Eoj'al Engineers, wliicJi is 
added (at page 98) to the Government Correspondence, is also 
full of importiint prat^ticul suggestions. 

In order to malic these Selections more valuable and useful. 
Sir William Harris's well-known w'ork on Tlmnder-stornis lias 
been consulted and freely made use of. 

M. Arago’s Memoir on Thunder and Lightning (forming part 
of the volume of his Meteorological Essays, published in 1855, 
and translated under the superintendence of Colonel Sabine, 
E. A., Treasurer and V. P. E. S.,) has in like manner been con¬ 
stantly referred to and quoted. In^he Introduction to this 
last-named work, Barbn Von Humjjoldt states’that it was revised 
and enlarged by M. irago himself during his last illness. 
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Short extracts from both these works have been given in the 
form ol‘ Notes wherever they could be conveniently applied. 
A more lengthened extract from M. Arago’s Essay, viz., part of 
the Ist and the whole of the 52nd chapter, which relate to th(5 
general utility of lightning conductors, forms an appropriate In¬ 
troduction ; whilst several extracts, of a practical tendency from 
Sir William Harris’s work arc added at the end in the shape of 
an Appeudix, which will, it is considered, prove of great use. 


ruBj.rn Works Dkpahtment, 
January 21«^, 1857. 
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INTRODUCTION. 

ox THE GENERAL UTILITY OE LIGHTNING CONDUCTORS. 

(Fmii Aragons Meteorological Etxays.) 

T H4VK often l)een consulted on tlic Biibjecl of liglitning conductors by arcliitects 
churgod with the caro of public huildiugs; by officers of the cori>s to which 
riglitiully appertains the coTistniclion of powder magazines; by the commanders 
of ships both of war and of commerce; and by a great number of citizens of all 
classes of society. J may, therefore, be permitted to affirm tliat, generally speaking, 
physicists by profession arc the only persons w’ho have a true and exact idea of 
the preserving properties of this kind of apparatus. ]f lightning conductors are 
askeiffor and er(Mit<‘d, it is simply out of deference to the decisions of Academics, 
livery one desires, by this means, to shelter his own responsibility under the ^gis 
Science; Imt us to an entire conviction of the ellicaeiousness of the method, this, 
I think, will be rarely found. Some do not go beyonci doubts, and wait before pro¬ 
nouncing an opinion until real deraoustralions shall be offered to themf instead 
of mere analogies. Others, eoin[iiii-ing the apparent insigniticauee of the preser¬ 
vative with tlio vastness of the possible damiige which it is designed to avert, 
deeiure that it is rcpngimiit to their reason to admit tliat u slight metallic rod cun 
Kulllce to shelter a gri'at ediliec, or a majestic sliip, from the dreaded thunder 
stroke. Tn their view, these rods, which slioot up into the air with such high- 
sounding names and lofty pretensions, are really quite inefficacious cither for good 
or for »-vil. Others give themselves up to an oj)positc set of ideas and attribute 
to these metallie rods a powerful hut injurio us actimi. They say that it is delibe¬ 
rately calling down the thunderbolt ou the buildings on which such rods are elevated 
creating a imril which would not otherwise have existed, and endangering, at the 
same time, adjacent houses, by inviting the descent of the storm-cloud which 
might else have passed on and discharged its contents harmlessly at a distance. 

Frederick the Great of Pnis.sia tacitly ranged himself among those liostilo to 
Franklin's invention wlien, whilst yielding to public opinion and to that of the 
Berlin Academy by permitting lightning conductors to be erected on his barracks, 

arsenals, a»d pi»wder magazines, he expressly forbid their being placed ou the 
palace of Sans Souci. 

It is proved, ajt matter of fact, that the apparatuses called lightning roniuetors have 
presented the buildings on which they have been established from damage by 
lightning t 

From the manner in which the aBovc question is framed, every one will at once 
have perceived that the intcnti<^ in present chapter is to resolve it exclusively 
by mere facts, witliout having in any way recourse to the deductions, highly simple. 
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direct, and legitimate as they are, by which in recent pages the mode of action of 
the apparatuses in question has been made apparent. The facts we are about to 
offer will bo taken from all countries, and will be numerous, because it is by their 
number that they acquire value and importance. We do not leom, either from 
the Bible or from Josephus, that the Temple at Jerusulom was ever struck by 
lightning during an interval of more than a thousand years from the time of 
Sclomon to the year 70, although from its situation it was completely exposed to Iho 
very frequent and violent thunderstorms of Palestine. Eemembermg the care with 
whidi ancient nations recorded strokes of lightning hy which any degree of injury 
was done,—how often, for example, the Homan annals mention the Capitol and 
other public buildings being struck by lightning,—it appears natural to infer from 
this silence, with tlio Orientalist Michaelis, that the Temple did not receive any 
severe stroke of lightning in the course of ten centuries. The probalrility of the 
justness of this inference is much strengthened by the circumstance that the Temple, 
being overlaid internally and externally with wood, would certainly have caught 
fire if struck by a violent tliundcrboU. 

Supposing tbe fact to be thus well established, we have next, with MichacHs 
and Lichtenberg. to seek a cause, and we find a very simi)lc one. 

By a fortuitous circumstance tbo Tcmyile was armed uith lightning conduc¬ 
tors (juite similar to those whicli we now employ, and which we owe to Franklin’s 
diHCOvei^\ 

The roof, constructed in what we now call the Italian manner, and covered with 
boards of cedar having a thick coating of gold, was gfirnislied from end to end 
with long, pointed, and gilt iron or steel lances, which Josephus said were intend¬ 
ed to prevent birds from resting on the roof and soiling it. The walls also were 
overlaid tliroughoul their extent with wood thickly gilt; laslly, tliere were in the 
Courts of the Temple cisterns into which the rain from the roof was conducted by 
metallic pipes. We have here both the lightning rods and a supply of moons of 
conduction so abundant, that Liehteuberg is quite right in saying that many of 
oar present apparatuses are far from offering in their constraction so satisfactory a 
combination of circumstances. 

The conclusion at which I arrive is, that the long immunity enjoyed by the 
Temple of Jerusalem presents the most manifest proof of the efficacy of lightning 
conductors. 

In Carinthia, at the castle helongpug to the Counts Orsini, tho Chui'ch, which 
is situated on a hill, was so often struck by lightning, and so many deplorable 
accidents had happened in consequence, that at last it was determined not to nse 
it for the celebration of divine service daring the summer months. In the coarse 
of the year 1730, one single stroke of lightning entirely demolished the steeple. It 
was rebuilt, and subsequently continued to be struck by lightning fonr or five times 
a year on the average, without connting 3om35 cases of extraordinarily violent 
thundentorms, in which the steeple received and^hven ten strokes of lightning in 
the course of a single day. After one 8U(h storm, about the middle of the year 
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1778, tlie building was again found so neai^ &Uing that it was taken down and 
rebuilt; and this time it was furnished with a .pointed lightning rod and a good 
conductor. Fire years afterwards, i. e. in 1783, being the date of the note written 
by Lichtcnbcrg from which Z take those details, the steeple, instead of having been 
struck twenty or twenty-fire times, had only been struck once, and even on that 
ono occasion the metallic point had received the stroke, and no harm followed. 

In the spring of 1750, lightning fell on the Dutdi Clock-tower at Kew York, 
It continued its course through several ceilings running down the wire which non< 
nectodthe w'heel-work with the hammer which struck the hours. As fin as the 
wire extended, the lightning did no misohief to the building; it did not even en¬ 
large the apertures by which the wire passed through the ceilings, though they 
were only about half an inch wide. For the greater part of the distence, tlie wire 
was only diminished to two^thirds of its previous thickness, but its lower portion 
was completely fused, and from thence the lightning darted to tbo hinges ofn 
noighboni-iug door, broke the door, and then dispersed itself. 

•In 17')3 lightning fell on the same steeple, and produced precisely similar efibets, 
although the wire (tommnnicatlng between the tongue of the bell and the wheel- 
work of llie clock, had been replaced by a small copper chain. • 

In 1755, n fresh explosion took place; but now the rod of tbo woatlier-cock 
communicated with an unintemiptcd external iron conductor, which went down 
into the moist earth ; and tliis time both the door and the wire of the clock were 
quite untouched; the building also suffered noinjnry. 

From tlio time when it was first built, the Church of Saint Michael at Charles¬ 
town was visited ami injured by lightning every se{»nd or third year; at Inst, 
a conductor was plawd upon it, and in 1774 Mr. Henley was informed from 
America, tliat during the course of the fourteen years whicli had elapsed sbeo the 
erection of the apparatus, the Church hod not been once struck. 

Li 1772, Toaldo statod that the royal rcsidemio at Turin, the Valentino, liad 
ceased to be struck by lightning since Dccaria Imd armed its principal pavilions 
with slender metallic rods, having attached to their lower extremities wires which 
went down into the ground. The castle had often sustained injury previously. 

The fiampanilo of Saint Mark’s at Venice, of which the construction goes bock 
tT a very distant date, is not less than 340 feet high. The pyramidal elevation 
which rises from it, is 90 feet high. The whole is surmounted by tho figure of an 
angel made bf wood covered with copper, and 10 feet high. 

The great elevation of this building, its insulated position, and, above all, the 
multitude of pieces of iron iu its construction, render it in a high degree obnoxious 
to danger from lightning; and, in fact, it has been frequently struck. Unfortu¬ 
nately the town registers do not mention all such strokes; but, generally speaking, 
mly those which entailed large expcMes fbr repairs. The following is the . list 
aken from the documents> 

1388. 7th of June, (no det&s gifen)i 
1417. Pyramid burnt. 



VO 


INTRODUCTION. 


1489. 12th of August, Pyramid again reduced to ashes. 

1548. June, (no details giTen). 

1565. (No details given). 

1653. (No details given). 

1745. 23rd of April, great damage done. 

Thiriy’Seren cracks threatened the fall of the Tower. The repairs cost upwards 
of sixteen thousand pounds. 

1761. 23rd of April, damage not considerable. 

1762. 23rd of June, considerable damage. 

In the beginning of the year 1776, a lightning conductor was placed on the Cam¬ 
panile, and I do not learn that, since that period, the edifice has ever been injured 
by lightning. 

The fine tower of Sienna was frequently struck, and on every occasion much 
damage was done. In 1777, it was provided with a conductor ; and this had but 
just been effected, when on the 18th of April it received a fresh discliarge. But 
this time no damage was done. 

I read in a memoir by Sir William Snow Harris, that .six Churches in Devonshire 
having *tall steeples, were all struck by lightning within the short time of a few 
years; bat that one only among them escaped injury, being the only one which was 
furnished with a lightning conductor. 

Genova is much exposed to thunderstorms, nevertheless the towers of its Cathe¬ 
dral, although the highest edifice in the town, and rising higher than any other ob¬ 
ject for a great distance in the country around, have for two centuries and a half 
enjoyed the privilege of not being struck by lightning, while the much lower steeple 
of Saint Gervois lias been repeatedly injured. 

SausBurc, as early as 1771, sought to discover the cause of tliis singular anomaly*; 
he found it in the accidental conductors with whidh the towers of the Cathedral 
arc furnished. The middle Tower is nearly three centuries old; and, said Saussure, 
“ its it is constructed entirely of wood, it must always, os is still the case, have been 
covered from bottom with tin; now it is easy to conceive that so considerable a 
mass of metal must always have formed an excellent conductor, and that its widely 
extended base might easily meet somewhere with some substance to finish the com¬ 
munication." Lot us add, in order to complete the explanation of the illustrious 
Physicist, that the communication with the ground was effected, in dificrent degrees 
indeed, through the intermediation of all the materials at all parts oT the edifice, 
and that the number supplied what might be wanting in intensity. Lastly, lot us 
remark, that for more than a contury the pipes of lea or tin used for conducting 
the raiU'Water below ground have constituted a communication more perfect, 
perhaps, than that of ordinary rods. 

The column called ‘*the Monument," in |he city of London, was erected in 
1677, by Sir Clmstopber Wren, in commemoration of the groat fire of London. 
Its height is more than 200 feet above the ^pavement in Fish Street. Its upper 
portion is tei^nated by a huge metallic basin filled with a number of metallic 
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picccB, more or less contorted smd spreading in different dircdaons, and, as they 
are intended to represent flames, all termSiate in reiy sharp points. Four up¬ 
right iron bars descend from tbe basin to the gallery, and support the iron stair¬ 
case which terminates at the basin. One of &ese bars, which at its base is fully 
5 inches broad and 1 inch thick, communicates with the grappling irons of the stain 
which go down into the ground. Every one will see that we have here the multiple 
points wiiich have been spoken of previously as bemg used in some lightning appa¬ 
ratuses, combined with good conductors. I am not aware that in the interval which 
has elapsed since 1677, the Monument has ever been injured by lightning. 

The damage done to Strasburg Cathedral by lightning, was formerly almost every 
year such as to occasion considerable expence. Since the rather recent period at 
which it lias been provided with a lightning conductor, no damage has been sustain¬ 
ed, and this item of expenditure has disappeared from the municipal budget. 

On the 12th of July 1770, lightning fell at Philadolphia, at one and the same 
time ,*011 a sloop not provided with a lightning-conductor, on two houses equally 
undefended, and on a third house which was furnished with such an apparatus. At 
all these four points the detonation appeared tremendous. The two first-named 
houses aud the sloop wore seriously injured; the house which had a lightning- 
conductor remained perfectly unhurt; only it was remarked that the pAnt of the 
rod was melted for some way down. 

In 1813, in tho month of Juno, at Port Soyal in Jamaica, the Ship Norge 
and a merchantman, neither being provided with conductors, were struck by light¬ 
ning aud much injured. The other vessels in the harbour, which were very nu¬ 
merous, aud amidst which these two vessels were, sustained no injury: they weie 
all provided with lighlning-couductors. 

In January, 1814, lightning fell in Plymouth Harbour. Of the numerous vessek 
stationed there, one only, tho Milford, was struck and injured. It was the only one 
which at tho moment was unprovided with a conductor. 

In January, 1830, in tho Channel of Corfu, three terrible strokes of lightning 
fell on the conductor of the English Ship the JEtna, The vessel sufiered no injuiy. 
Two other vessels, the Madagascar and the Mosquito, which were not far fixim 
the Etna, were also struck. They hod no lightning-conductors, and they sustained 
considerable damage. 




Official (ttotresponlience 

OH THE SUBJECT OF ATTACHINO 

LIGHTNING CONDUCTORS 


TO 

POWDER MAGAZINES. 


No. 1. 

To W. B. O’SnAuauNESSY, Esq., M. D., Medical Collcg^. 

Sin, 

The Militaiy Board having been called upon* by Gover 
Tiiont t(r report upon the expediency or otherwise of attaching lightning 
conductors to powder magazines, I have been instructed to address you 
on tlie subject, in tlie hope that your scientific knowledge may assist the 
Board in forming a correct opinion on that i)oint. 

2, Should the use of lightning conductors be considered by you desir¬ 
able, the Board would feel obliged by any suggestions that you may be 
able to offer as to their height, posiliou, size, and number, for any given 
extent of liorizontal or vertical surface. 

3. ^ The accompanying Memorandum was received from Uie Court 
of Dircetttfs. and you are requested to return it with your reply. 

I am, Sir, 

Your obedient servant, 

W. DeBUDE, 

Officiating Secretary Military Board. 

Fonx William ; x 
Military Board Office, V 
22«<i December 1838. J » 

• In conaecixionct! of the blowiug uj) of the unprotected Magazine at Dum-Uum.—Ei>. 
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MKMon.vsnvM -tSi‘e niuftritm. 

Tlie higlipr a conductor is elevated, tfje move ils c.fficiicy ■will Ihj inci’faaed.* 

Tberefoi'o, for a powder laagaisine, tlie coiKluctin{:i; rod, uliould bo elevated seven 
feet at the least above tlie highest point of the building; should be placed standing 
out one foot from the building; t and be made as continuous and direct as 
possible; branching out at the level of the ground, and carried under ground 
in a dry brick drain six inches diameter, ten feet long, from thence carried do^m 
a hole filled ■with burnt charcoal, or ashes from the baker's ovcu.J 

Copper rods, jwiuted at top with platina,§ arc recommended. 

As the electric matter from violent storms causes intense heat, it is recommended 
to have the conducting rods oue iuch iu diameter, which is a qtiarier of an iucli 
more tlian they are usually made in Eng1aiid.j| 

Stioug wood brackets made of teak, or any other hard wood, to keep tin' euu- 
ductors firm iu their places. 

There sliould be a conducting r<sl upon the princi|)le liere delineated, at eacn end 
of the building. 

And as tlie dirccllun of lightning is often determined by tlial, of tlie rain, tile 
surfaci' on the side of the building might attract it; it wimhl be pruih nt, thm-lbrc, 
to have d conducting rod on onrh side of the building as well as at tlio eiiii.s. 

The rods should be united with the be.st screwis] joijil.s, mUIi a Uip screw of tlic 
same lueial as tho condiieior. 


No. 2. 

KrOM AFiSlRT,4NT SURGEON W. B. ()'8llAU(3HNl'SSy, M. U, TO CATT. 

H. DeBude, O^emtiwj Secretary Military Board. 

Foii William, December 27tk, 1838. 

Sir,—I Iiave the honor to acknowledge tho reooijit on the 24tli in¬ 
stant of your letter of the 22nd, on the subject of the attachment uf 
lightning conductors to powder magazines. 

2. The question yon propose is one of much difficulty. I doubt, 
indeed, whether the existing state of knowledge regarding the recijirocal 

•,S«e Nolo § page 9 -En. t See Note +i)ftge 9.—En. 

t Those constructors of lightning conductora, who are well nccpuiiiitcil with all the 
resources which science olTors, take care to make tlie conducting bar pass through a kind 
of well, filled with hakfvg In-aise or mhert. It is iudispeusable tliat the charcoal should 
have been heated to mlnoss ; common chnimil lauinot answer as well.— Arafft/s Me¬ 
teorological Essays. —Eli. 

§ Platinum points an; to he preferred to copper ones, not only on account of their 
inalterability under the action of water, but ulsut-ou account of their non-fusibility.— 
Ara^o's Maearohyical jK«((ys.~E». t 

II See Note page 15,—En. 
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action of ainiosjiiitincal and terrestrial electricity, especially during 
the paroxysms of tropiixil storms, is as yot sufficiently advanced to war¬ 
rant the expression of more than a very diffident opinion on its several 
I)oints. 

Jt. I shall take t,lio liberty of premising some general remarks on 
lightning conductors, before I take up the special subject of your letter. 

•k I am in possession of several facts liitherto unrecorded, which 
Rf!em to me clearly to show that in ordinary edifices the attachment of 
lightning conductors, (sveu when properly constructed, is by no means 
the infallible protection so generally imagined. 

0 . It is often no doubt easy to explain tlie occurrence of disasters by 
lightning to buildings thus apparently protected, on the ground of defec¬ 
tive consti'iiction of t!io conductors, or of disproportion between the 
npniher of conductors and the extent of area to be guarded. By such 
ci)U.siderations we may exjdaiu the accident to Government House on the 
uiglit of the 30th of March 1838, and bearing these in mind, ii^asures 
may he adopted which in all probability will preserve such edifices from 
similar vi-sitations. 

<). But it is a matter of givaler difficulty to cxidain such circumstan¬ 
ces as I am now about to a<lduce, in illustration of the opinion expressed 
in paragraph 4. 

7. On an evening in May 1837, the house No. 2, in Chowidughce, 
tlieii oc‘cnpi<jd by Dr. Goodeve, and next door to the house tenanted by 
Mr. Trower, was struck by lightning and much damaged. 

Dr. Goodeve’a house had no conductor, Mr. Trower’s had one at tlio 
face adjoining Dr. Goodeve’s, and only distant therefrom twenty feet* 
The conductor is well-constructed. 

8. On the oveuing in qucstioii, during a violent storm from the 
north-west. Dr. Goodeve Avas walking in the verandah when Mr. 
Trower s conductor and the corresponding angle of Dr. Goodeve s house 
wore struck by the same discharge, and the lightning in Dr. Goodeve s 
house followed the course of the vertical window bolts represented by the 
dotted lines in the plan. 

9. This case seems to me completely to falsify Biot's opinion, that 
within sixty feet interval betwjien conductors no accident can occur—and 

* lu a subsequent letter Dr. O^liiiugiinc^^y states that this measarenwnt was incorrectly 
ri']H)rted by his Native Assisiaiit, Jl sliould be 2:2 yards. —El). 
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jbo show that occafiionally, in tropical climates, there is such vast ilispro- 
portion between the quantity or intensity o£ the atmospheric electricity 
■ and the conducting capacity of protectors, that the excess of the discharge 
must pass to adjacent bodiea 

10. In Chowringhee alone, in an area of one square mile, there are 
over 300 lightning conductors of proper construction, yet scarcely a 
season* passes but we hear of accidents within that area, and not unfre- 
quently too in houses actually provided with conductora 

11. I attribute these accidents chiefly to the vertical window rods 
which constitute all over Calcutta, as in Indian houses gonemlly, a mul¬ 
titude of interrupted conductors, tho inducing influence of which is suffi¬ 
cient to counteract much of the benefit of the well-constructcd rods. 
These vertical window rods are on a large scale, precisely identical'with 
tho models contrived by instrument makers to show at the lecture tabjo 
the dangers of ill-contrived and ill-applied conductora 

12. 'Were I called on to protect an isolated house of two stories, with 
angular edges and roof, containing articles of metallic furniture and 
other good conductors of eledricity—^under such circumstances I would 
attach at one angle a common conductor several feet higher tliau 
the house, (in order to divert the lightning the house and its contents 
could scarcely fail, under many circumstances of exposure, to at¬ 
tract,) and at each cardinal point I would place a rod about ton feet 
high; connected horizontally by thick rods and rivets with the main 
conductor. 

A building so protected I would consider to be os safe, as it is practica¬ 
ble to render it, according to the present state of our knowledge. 

13. But in the case of a powder magazine of the ordinary construc¬ 
tion, rounded in outline, of trifling elevation, containing no metallic furni¬ 
ture, removed from other buildings, and not necessarily in the contiguity 
of conducting objects, I think its chances of being struck by lightning 
are very little more than those of an.equal area of soil or terrace. 

14 We must remember that el^^c explosions are not chance oc¬ 
currences,—that they are governed and guided by the influence of “ in¬ 
duction,” the effects of which are- now (Jpmparatively well understood ; 
that.it is only between objecb$ susceptible of rspid changes in their elec¬ 
tric relations that the explosion passes, but that the explosion may exceed 
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in quantity and in inteneity the c^bilities* of the dischargers we 
usually adopt 

15. Another reason for objecting to the employment of conductors in 
the immediate contiguity of powder magazines is, the danger of their 
inducing what is called the “lateral discharge,” of the nature of which 
1 >v'ill venture to offer a few explanatory remarks. (See Appendix H.) 

16. Suppose a violent discharge to take place along the conductor a 
to the ground; during the passage of tlie electricity an opposite electric 
state is induced in contiguous objects, and a spark may pass in the in¬ 
terval between a and &, and all the articles contained within having their 
electric state transitorily disturbed, mill give sparks at ike same 
ment ; —if animate, will experience shocks or other effects in proportion 
to the violence of the primary discharge. Thus the inmates of Dr. 
Qooclove’s house suffered a shock like the discharge of the Leyden bottle 
at the instant the accident took place described at paragraph 8. 

17. Wore any peculiarly inflammable mat¬ 
ter existing in the interval a, h, or in the in¬ 
terstices c, d, the jjassage of a spark would 
cause its inflammation, especially if rain were er 
falling at the same time. The explosion of 
guiipowdo* by small electric sparks is indeed 
never certain but when water or moist substances forms part of the 
electric circuit. 

18. 1 will not enter on any detailed consideration of the dangers 
counectod with what is called the “ retuni, discharge,” in which the 
electiicity is believed to einaualc from terrestrial objects and proceed to 
the atmosphere. Precise facts are wanting to enable us to form exact 
opinions on this subject 

1!). With respect to the materials and dimensions of conducting bars, 
I think it is altogether unnecessary either to construct them of copper, 

-i)r7« -- ■■■■■•• . . . ------^— 

* Tlie opponents of liglitning conductors bare argued against them from our present 
ignonuioo (an ignoraueu which we must expect trill long continue) as to the " maximum'* 
effect which lightning may produce; and therefore, as to the maximum of. dimension 
which “may" he required for conductors. The difficulty, although founded on truth, 
really lias nothing in it which need stop new proceedings. 

If we take the dimonsionB to ho ^reu to conductors, from cxiwriouce; and if that 
which wc adopt has btiou found to ^.-osist^ the strongest lightuiiig rcuoixled during S or 4 
oenturics, what can reasonably bo asked truire?—.drone’s MeteorologUd En. 
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or io tiiakc them one inch in djameter. Iron can Ite preserved bright 
for an indefinite period by attaching tu it small pieces of zinc, on the 
principle of the galvanic preservation of copper. If its point be gilt or 
platinized, the rod -will, on the contrary, con-ode much more rapidly than 
if entirely unprotected. As to size, I have known very many instances 
of violent discharges of lightning through window rods, through ill-con- 
stracted conductors, over picture frames, railings, through tlie metallic 
head of a spear with a wooden shaft, &c. &c. and in no case was complete 
fusion, or an approach to it, effected, except at the ends where the dis¬ 
charge entered, and from whence it proceeded. The drawing a shows 
the extremities of one of the window rods from Dr. Goodeve's house, 
and h of the spear of the Britannia from Government House Calcutta. 

20. As for the silent passage of atmospheric electricity causing the heat¬ 
ing of conductors, I scarcely 
think it possible—certainly 
no inskance of it has been 
recorded,—and even were it to occur, it could not occasion any mischief. 

21. To apply the preceding facts to the que.stion before me, I think 
it inexpedient to attach ordinary conductors, or such as those described 
in your letter, to powder magazines. 

i. Because, being of slight elevation, of rounded surface, and of non¬ 
conducting materials, these buildings are scarcely more exposed to 
lightning than an equal area of ordinary ground. 

ii. Because a discharge may occur too great for the capacity of a 
single conductor,* in which case the electricity will divide itself to all 
adjacent objects. 

iii. Because, though the discharge may pass to the ground, the lateral 
electric disturbance may occasion an explosion within the magazine. 

22. But as it may be deemed inexpedient to commit a magazine 
even to the chances of an equal area of land surface, I think a system 
of conductors on the following plan would prevent all danger of explo¬ 
sion by direct, or lateral, or even return discharge. 

I would erect an iron rod, half an inch in diameter, protected by zinc, 
at every twenty paces, in a circle drawn round the building, and at least 
twenty feet distant from it. These rod^ should be twenty feet higher 
than the building, be supported by frames of twood or by pillars inserted 

* See Note i>age 5.—Eu. 




at tbeir biuses as deep as the water level (so easily found in Bengal), and 
at the surface of the ground they shoufd he connected hy horizontal rods 
secured by riveting. During storms the sentinels on duty should with¬ 
draw bevond this line, sheath their bayonets, and pile their arms. 

¥ 

I cannot conceive the possibaity of an explosion caused by direct, 
Uteral, or return discharge, taking place within this metalUc circle. By 
such arrangements it is that the electrician discharges through a wire bird 
cage, without injury to its tenant, batteries sufficiently powerful to destroy 
a horse, and that he grasps the discharging rod in his naked hand 
while it is part of a circuit sufficient to cause his instantaneous death. 

W. B. O’SHAUGHNESSY. 


No. 3. 

To W. B. O’SirAuoHNEssY, Esq., M. D., Medical College. 

Fort WUliam Wh January 1889. 

Sib, —I am directed by the Military Board to acknowledge the receipt 
of your letter of the 27th ultimo, on the subject of lightning conductors 
to powder magazines; and to express the sense which the Board enter¬ 
tains of the care and attention with which the subject has been discussed. 

2. As in many instances it would, from the proximity of other 
buildings, be impracticable to establish a chain of conductors at a 
distance of twenty pace.s from a magazine, the Board would be glad 
to learn whether, in your opinion, a series of conductors at twenty 
paces distant from each other, but as near the building as ordinary 
conductors are commonly placed, and secured by wooden brackets, as 
shown oij the Sketch forwarded by the Court of Directors, would add 
materially to the security of a magazine. 


H. DbBUDE, 

^ Offieiaiing Secretary Military Board. 
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No. 4. 

I 

To Captain DeBude, Offi^ciating Secretory, Military Board. 

, January 20i/t, 1839. 

Sir,-— In reply to 5'our letter of the 16th instant, I have the honor to 
state, that under such circumstances as you describe, I would not recom¬ 
mend lightning conductors to be attached to the buildings adjacent to 
magazines even in the numbers before mentioned, as I feel convinced 
that placing one or more conductors in the immediate contiguity of the 
building increases all the dangers attendant on the lateral discharge. 
Indeed I would consider a magazine safer if unprovided with conductors 
altogether, than with any number placed as you allude to. 

I believe we may certainly obviate all danger from direct discharge 
by a multiplicity of connected conductors. I admit too that the 
lateral discharge is not likely to occasion more than a minute spark, 
such a^,would not harm a living animal, or injure an edifice, but this 
spark, however insignificant, can ignite gunpowder, and thus lead to 
as serious mischief as the direct flash itself. 

W. B. O’SHAUGHNESSY. 


No. 5. 

Mr. Faraday’s letter to Mr. Secretary Melvill on the pre¬ 
ceding Papers, which had been submitted to him for report 
BY the Hon’ble Court of Directors. 

lioyal Institution, 5th Septenther 1839. 

' Sir,— I have the honor to acknowledge your letter and the papers, 
and having read the latter, bog leave to state that my opinion is in 
favor of lightning conductors. It is no doubt true that lowjounded 
buildings, such as I understand the powder magazines in,the East 
Indies to be, are but very little liable to be struck by lightning, but 
then if they are struck, the destruction and injury may be ve^ great. 
It is also, I think, very probable that a lightning conductor may, under 
certain circumstances, cause an electric discharge to take place where 
none would have occurred no conductor tbeing present, though, on . the 
other hand, there is some evidence to ^ show that conductors cause a 
ditr.iuution in the number of electric discharges to the earth at a given 
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place. It is also very certain that a badly-erected conductor is worse 
than none and may cause great injniy. But notwithstanding these 
consideiationB, I have the strongest conviction in my mind that con¬ 
ductors applied ore perfect defenders of buildings from harm by 
lightning. Dr. O’Shaughnessy’s papers are very valuable, and serve to 
confirm my previous impressions; but it would be impossible for me to 
go over the whole of the opinions and evidence sent me, without at the 
same time going into a far greater mass dispersed here and them I 
woidd rather refer you at once to M. Arago’s popular view of the subject 
in the Annuaire for 1838, pp. 221, 549, &a, with which I, in almost 
every point, agree. 

I would certainly recommend copper conductors instead of iron, for 
the fbrmer metal conducts electricity almost seven* times better than the 
letter. When struck, it not only conducts the shock much better, but 
in the pre-determination of the stroke it determines more of the electri¬ 
city to itself than otherwise would fall upon it, and therefore fbnds in 
any case of a divided shock to leave less to fall elsewhere in its neigh¬ 
bourhood. 

1 should prefer them pointed. I should not put them farf from the 
building at their upper extremity, or in their course downwards; but the 
port that is under ground 1 should turn from tlie building in its course 
through the earth, and take especial care, by plates of copper, to make 
its contact with the moist earth extensive and good.j; 

Conductors should be of a certain hcight§ in relation to the roof or 
summit of the building to be defended. A lightning rod rising ten feet 
above any part of the roof or chimneys of a house, might defend that 
house perfectly if close to it, but not if ten feet from it; a rod rising 
fifteen feet above the highest parts of the roof would be more sure 
than one of ten feci 

A rod projecting ten feet which would protect a building of a cer¬ 
tain horizontal extent might protect a building ten feet wide, &c. A 

" ■ - ■ — . I ■ii.i . .. i. i iiii-. .1. I, . , 

* Soo Note page 16.—-Ed. 

t It should be placed as dose as possible to the walls wliich are to be defended, and not at 
a distance from thenL—iTams ok Thunder Blormt, page 123.—Ed. 

{ See Note page 49.—^Ed. 

g In extensive ranges of bnildiiigs, sfi the most prominent points should have long pointed 
rods projecting freely into the ait? and^o^ater the mngo of building the higher they 
should bo.—Norns on Thunder Storms, page 124.—Ed. 
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lightning rod bas been consider^ aa able to |ffotect oloyects perfectly 
irhen they are not more than twice the distance /rom it of its height 
above them: but for this to hold true, these objects should not be 
themselves parts of large masses of metal, approaching by their posi¬ 
tion or connexion to the character of bad lightning conductora 

I have no fear of lateral discharge,* from a weU-arrangedf con¬ 
ductor. As far as I understand lateral discharge, it is always a dis¬ 
charge from the conductor itself ; it might be very serious from a badly 
arranged conductor, (and in fact makes them worse than nothing,) but 
with a good lightning rod it can be but small, and then not to badly 
conducting matter, as wood or stone, but only to neighbouring mSsses 
of good conducting matter, as the metals, which either ought nut to be 
there, or if they are necessarily present, ought to be in metallic'com* 
munication with the lightning conductor itself, j; I am not aware that 
lateral discharge can take place wUhin a building when a light¬ 
ning conductor outside is struck, except there be portions of metal 
as bell wires, or bolts, &a, which may form an interrupted conducting 
train frnm the conductor to the interior. It is true that cases which 
come under the denomination of returning stroke, might perhaps pro¬ 
duce a spark in the interior of a building, but the phenomena of a 
returning stroke cannot occur at the place where the lightning strikes 
a conductor. 

In my opinion, a good conductor well-connected with the earth, 
cannot do harm to a building under it» protection, i. e. though it may 
induce a discharge upon itself, it cannot induce a discharge upon 
the building, and the discharge in itself cannot give rise to any 


* It xaaj be bere obaerred, that if lightning i-oda are liable to produce lateral exploaion 
upon surrounding bodies, so aa to set fire to inflammable matter and cause other destruotive 
effeots; then there is not a powder magasine in ISurope, armed with sudi rods, which, 
upon being struck by lightning would not either be blown up or damaged ; but this at 
iMu rt r we have diewn has nerer been the obm .— Harris on Thmder Storm, page 19fi.—Eo. 

t By aproper conductor'* I mean, on the one band, that it diould go down into the 
gromd until it reaches earth which is always damp; and, on the other, tliat it should 
be BttfllcieDtly massiTe to transmit the strongest Ughtning without being fused by 
it.—iroyo'f Meteoroh^ioal jaeoya— Ed. * 

t The conductor should inTolve in Hs cou^e i^e prfhoipal detached masses of metal in 
thlb bwiW"S_ Harns on Thunder Storm, page 123.— Ed. 
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secondaiy effects whicff ire likely to pl^ce the building in more danger 
than it would have been subject to, had the conductor not been there. 

Wm. FARADAY. 


No. 6. 

Report of Professor Daniell to Mr, Secretary MELVir.r^ on 

THE SAME PAPERS. 

King's College; London, August2^, 1839. 

My dear Sir,— I have carefully perused and considered the papers 
which you have done me the honor to transmit to me, relating to the 
subject of lightning conductors in the East Indies, and now beg to 
submit for the consideration of the Ohainuan of the Court of Direc¬ 
tors, according to your request, the following remarks upon them. 

2. It is with the greatest surprise,* I have learnt that the (fhestion 
of the efficacy of lightning conductors, which has been considered by 
ail the leading philosophers in Europe and America as settled by 
the uniform experienco of nearly one hundred years, is still thought 
to be undetermined by some of the scientific men in the Honorable 
Company’s Service; and that the Governor General and Council, 
under the influence of their opinion, have come to the conclusion, that 
in “ attempting to protect powder magazines by their means more 
danger than advantage is likely to result from the measure." Should 
this conclusion be unfounded, as I believe all experience will prove it to 
be, it must be of the utmost consequence that it should be corrected, 
especially in a country peculiarly liable to the paroxysms of tropical 
storms. That powder magazines unprovided with conductors are liable 
to be fired by ligbtnbg, is proved by the blowing up of the magazine 
at Dum-Dum,f which gave rise to the correspondence, whereas there is 


* It ia not eaay to explain how, in the present advanced etage of natural knowledge, 
BO many anomalonB views and opinione on this interesting subject should pervade the 
public ««inS, ainnft in uo department of physical science is the field of observation more 
fertile, or the path of experience more direct and certain ,—Harm m Thunder Stornu, 
—Pr(^flce,poy«xi.—En. • 

t The building doitroyed at lAum>Dum waa nut a magamnc of approved coustructlnn, 
but^only an ordinary godown,—Eu. * 
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no instance upon record of a magazine propezly proTided mtb them, suf¬ 
fering iojuiy from the same cause. 

9L In the year 1823 instructions for the erection of lightiung con¬ 
ductors were drawn up, at the instance of the Minister of the Interior of 
France, by a commission of the A caMmAe Royale dea Sekrtcea^ composed 
of MM. Poisson, Lefevre, Qinian, Gerard, Bulong, Furet, and Gay Lussac 
and adopted by the AcadAmie. The fleport is published in the 26th 
voL of the Anmdea de Cliimie et da Phyaiqtte. 

4. So lately as the year 1837, the facts relating to thunder and 
lightning again underwent investigation by M. Arago, who has published 
in the Annmire par U Bureau dea Longitudes for 1838 a very de¬ 
tailed scientific notid “ Sur U Tonnerre.” 

6. These two reports have really exhausted the sulgect, and ought to 
be sufficient, in my opinion, to convince the most prejudiced; jlrsA, of 
the impossibility of any extra danger arising from lightning conductors 
of proper construction; and secondly^ of tlie protection which they are 
competent to afford.* 

6. I have lately had the honor of being appointed by the Govern¬ 
ment upon a Committee to inquire into the efficacy and best form of 
lightning conductors for Her Majesty’s Navy, and we have just handed 
in our report to the Admiralty, in which having collected a great body 
of -evidence upon the subject, and having availed ourselves of the opinions 
of Doctor Faraday and Professor Wheatstone, we have unanimously 
leoommended the genial adoption of Harris’s conductors on board Her 
Majesty’s ships. The report has been ordered to be printed for the use 
of Parliament, rad I will take the liberty of transmitting you a copy 
03 soon as it is complete. In the mean time, 1 will endeavour to reply 
to scone of the ohservarions which Professor O’Shaughnessy has made in 
his report, which is included in the papers referred to me, and upon 
which, in conjunction with some private observations of Mr. (James) 
Prinsep, which do not appear, the Governor General’s opinion seems to 
have been formed. 

• Wifli respect to cerbua prejudiced yiewfl and cpinions which have been entertained 
of the operation of lightning rode, we trust to have made it appear, that such opinions 
are founded on no sound bans whatever; and that as judicious application of pointed con¬ 
ductors, is not only doairaUe, hut is in a great variety of coses quite essratial to the 
preservation of buildiaga and ships from the ravages of lightning.—flawM OJi 
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7. > First, 1 infer from the general ^denc^ of the obsenratiohs of 
these gentlGmen, that they entertab the notion that lightnh^ oondnotors 
have the power of attrading a discharge of lightnmg to piaoes where 
without them it would not occur. 

8. Nothbg can be more unfounded than this suppositicm.* The 
intense action which takes place between an electric doud, of the extent 
perliaps of many thousands of acres, and an equal aieA of the earth's 
surface, is much too extensive to be materially diverted by the mere pobtf 
which can be directed upon the latter; and which, as eompaied with 
the extent and distance of the charged clouds, must be quite incondd^- 
able. The path of the discharge which takes place in the form of light¬ 
ning is determined by what may be the Ibe of least redstance m the 
whole distance between the two great electrical surfaces, of which die 
cqnductor can form but a minute, fractional part.| 

9. Over this fractional part,- however, we may have cpntrol sufScimit 
for the protection required. It has been well and accurately observed 
“ that lightning conductors can no more be said to attrad the matter of 
lightning, than a water-course can be said to attract the water which 
necessarily flows through it at the time of heavy rain."§ It would be 
absurd to say that a hollow water-pipe, open at its upper end, and |daced 
perpendicularly, attracts or invites rain from the clouds, or that m pro¬ 
viding our bouses with such pipe^ we mcur a greater risk of bebg 

* Kut only is the idea that a lightning rod iuTites lightning nnenpported by any fact, 
bat it is abaoktsly at variance witii ihe whole course of experienoa—ifarnt o» Thunder 
■Storms, 177.—Ed. 

f It is quite dear from what has been already shewn, that any artifidal elevation on the 
aarth’e sur&oe, is in respect of a thunder storm, a more point in one of tho terminating 
planes of a great electrical disturbance, the electrical forces therefore camiot be supposed 
to operate exdudTely between such an eleration and a chaiged cloud.— /bid, page 72.—Ed. 

In all these reasonings we should recollect that the forces in (q)oration are distributed 
over a great extent of surface, and that the point or ^xiinta upon which lightn ing strikes 
is dependeift on some peculiar condition of the intervening air, and the amount of force 
in operation, not on the mere presence of a metallio body projecting from a compantively 
diort distance into the atmosphere. “ Thai sack bodiet "provoke the s&q/t of heaven it the 
ngge^wn of taper^ikm rvAker ikon of iemce."---{LalU)-^ffarrUon!I%ii»derSt<aut, 
page 179w—E d, 

§ The operation of such rods, being purdy of a passive kind, een be no more said 
to invite or draw down lightning up9n tho buildings to which they oro applied, 
a rain pipe can be said to drat d<n|a or invito the tain which flows throngh it.— 
Ewrit on Thwnder Stonu, page 225.—£o. 
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bundated, because they are calculated to discharge hreely all the rain 
which passes bto them. No less absurd is it to say that a metallic rod 
bvites lightning, and may be productive of damage, because it is cal> 
culated to transmit the electricity which falls on its point* 

10. Sembdly, Dr. O’Shaughnessy refers to danger which is likely to 
occur from the erection of conductors in the contiguity of powder maga¬ 
zines from what is called “ taUral (Uaekarge/* 

IL There can be no doubt, that a conductor m the moment of a 
discharge of electricity passing through it, influences in a degree all 
good conducting substances in its immediate vicinity by induction; but 
no discharge will take place from it to any neighbourmg body, unless 
it be insufEicient itself to conduct the whole of the discharge or unless 
the body in its vicinity be a better conductor than itself. A lateral 
discharge, m fact, is only a division of a portion of the prmcipal 
discharge from an insufficient conductor to another which can relieve 
it N®w the very purpose of a lightnbg rod is to provide a sufficient 
conductor for the electric fluid which may fall upon it, and which will 
never pass from it, if properly constructed, to any building in its 
immediate vidnity from the construction of which all metallic sub¬ 
stances are, of course, carefully excluded. 

12. Thvrdly, Dr. O’Shaughnessy refers to Dr. Qoodeve’s house hav¬ 
ing been struck by lightning, within twentyf feet of a well-constructed 
conductor upon the house of Mr. Trower, which was struck at the 
same moment, as falsifying the opmion that withm sixty feet interval 
between conductors no accident can occur; but in another part of his 
report he attributes this accident, doubtless very correctly, to the verti¬ 
cal wmdow bolts, which he has marked upon his plan, and which 
constitute a line of mterrupted conductora to the groimd. There can 
be no question that the discharge was diverted in this instance; but 
it does not appear that any damage was done to either house; and if 
damage did occur to the unprotected house, it would have been doubt¬ 
less greatly increased by the absence of the conductor upon Mr. 
Trowel's house. 

* A {Minted oonduotor vrill iudeed draw oiT silently sad safely a cousideiable portion of 
electricity iitim a ohai;ged .eloud, but it can posseA no power of detennining a disruptive 
and destruotiTo duohatge at a point where it would i^tottftnrise occur,—if r. 2>aii»sffs Note, 

t See Note page 3.—Ed. 
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It would of course be an act of the greatest folly and ignoranee to 
place a similar line of bolts, ,or any oth^ met(dlic fastening upon a 
powder magazine. 

13. The case by no means proves, as Dr. O'Shaughnessy seems to 
think, “that occasionally, in tropicid climates, there is such a vast 
disproportion between the intensity and quantity of the atmospheric 
electricity, and the conducting capadty of protectors, that the excess 
of the discharge must pass to adjacent bodies" unUsB those adjacent 
bodies are also of a metallic nature, and themselves good conductors. 

14 Dr. O’Shaughnessy states that “in Ghowringhee alone, in an 
area of one square mile, there are over 300 lightning conductors of 
proper construction, yet scarcely a season passes but we hear ofao- 
cidente within that area, and not unfrequently too in houses actually 
provided with conductors themselvea" 

15. The electrical history of such a district must be extremely 
interesting, and it would greatly benefit science if authentio facts 
concerning it were collected and published. It appears that Dr. 
O’Shaughnessy only mentions the facts upon hearsay, and such evidence 
is n3t of weight enough to counterbalance the direct testimony of 
competent witnesses which abound on the other side of the questiem. 
I have no doubt that upon proper inquiry, Dr, O’Shaughnessy would 
find that the accidents which are said to have occurred in houses ac¬ 
tually provided with conductors have arisen from defective construction. 

16. It is not supposed that a large number of conductors will avert 
electrical discharges from a district, though, if properly constructed, 
they will open safe communication for their passage to the earth. • 

17. Dr. O’Shaughnessy thinks, that “it is altogether unnecessary 
either to construct lightning conductors of copper, or to make them one 
inch in diameter,” but in this opinion I have again the misfortune to 
differ from that gentleman. The beat authorities have recommended 
a rod of an inch* in diameter as the standard size, experience having 
proved that such a rod has never yet been melted by an atmospheric 


* We nmy therefore feel quite asBurod that» copper rod of | of an inch in diameter,, 
or an equal quantity of copper undw atoy other form, would wHlwtand heating effect 
of any discharge which haa y^ con^ i^thin the experiwice of mankind.—fiami on 
Tk%mder Storm$, pope 116 .—Ed. 
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discharge. It is certainly pos8i})le that a rod of less sabstanoe might 
he sufficient to conduct avt^ a flash of lightning, but it is impossible 
to ascertain the minimum which would suffice, without incurring the 
risk of failure; and it is a point of VOTy little importance, provided ab> 
solute protection be assured. 

Moreover a rod of a less diameter would scarcely have sufficient 
strength to resist the mechanical forces which might be opposed to it 

18. The rod should be of copper,becaiae the conducting power 
of that metal is very much superior to that of iron, being in the pro¬ 
portion of 1,000 to lo8. And secondly, it is little liable to oxidation 
and corrosion. I do not think that the application of zinc to iron rods, 
in the way proposed by Dr. O’Shanghnessy, would be by any means 
efficient in keeping them bright, at the same time I would'rather erect 
iron conductors than run the risk of a total want of protection. 

19. 1 have no objection to make to the di^c^ition of the conductors 
proposed by Dr. O’Shaughnessy, but I see no reason for placing them at so 
great a distance as twenty paces from the marine. The most material 
points to be attended to, are their perfect metsdlic continuity, and their 
communication with the water of the subsoil. The instructions fof the 
erection of lightning conductors are so minutely detailed in the two re¬ 
ports to which I have already referred, that 1 think it unnecessary to add 
any thing more at present, but it will give me the greatest pleasure to 
afford any further explanations in my power that may be required 

1 cannot conclude, without again expressing my strong conviction of 
the necessity of procuring a revision of the opinion of the Governor in 
Council upon the subject in qu^tiou with as little delay as possible. 

J. F, DMIELL 


No. 7. 

Second Repobt fkom Djl O’SHAuaHNEssT to the Militaey Board. 
To Captain DeBude, SccretctTy to the Military Board. 

Sm,—In compliance with your request that I should draw up a fur¬ 
ther statement of my opimons regarding the attachment of conductors 

* Taking the oonduotiiig power of lead aa unify, tiie following nomben uoumtely re- 
present the rehtire veke of tito other metah ^Taibb|e $>r ihe purpose of li^tning rods: 
lend 1, tin 2, Itoa 2.4, zinc 4, copper 12 .—on Tkwider Storm, page 99.—Bn. 
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to povder magazines, I have the hoiysr to submit the anbjcdBed obser^ 
rations to the consideration of the Military Boards 

2. 1 regret much, that it is impracticable to accord to me the full 
measure of time desirable for the collection aqd accurate exominatiion 
of the numerous facts to which 1 have obtained a clue^ bearing on tKd 
question now lieforo us, and many of which corroborate powerfully the 
views I enteryin. 1 regret this the more, as I have the misfortune to 
differ in a slight degree with the opinions Mr. Faraday has given, while 
those which Mr. Daniell somewhat dictatorially professes are widely at 
variance with mine. 

S. I trust I may be pardoned by the Military Board for here pub¬ 
licly placing on record a tribute of my deep respect for Mr. Faraday's 
labors in electrical science. This department of physics he has made 
peculiarly his own. My presumption would be measureless were 1 to 
depart from the utmost modesty and hesitation, when 1 venture to per¬ 
severe in an opinion ftom which he ever so slightly di.ssents. seek 
however for no more candid a judge than this illustrious philosopher, 
and on once more referring the subject to his consideration, I will bow 
to his contrary decision, with the full conviction that 1 hod acted upon, 
erroneous views. 

» « » » • » « 

5. The question before the Board, is this exclusively-^” 4re we to 
attach lightning rods to powder magazi'nea: and if so, how are we to 
place them, so as to ensure the maximum of safety from every accident ?*' 
To this (luestiuu and its bearings, we must limit this discussion. It is 
altogether a different matter from that with which Mr. Bauiell has 
mixed it up. u imely, the attaching of conductors to private dwellings 
or ordinary buildings. All tbe circumstances differ so widely, that many 
of the most important of the facts and arguments which bear on one, 
are altogether inapplicable to the other. 

6. Tbe necessity for attaching lightning rod« to powder mngazines 
in tro|ncal regions visited by frequent and violent thunder storms, might 
at first sight appear so obvious, as to need up further consideration. 
The document (No. 1) however shows, that of all the magazines In the 
territories of* the Honorable ^ast India Company, (Bengal Presidency) 
during ft pwiod of forty years, only* one has been struck by lightning, 
namely that at Dum-Dum,,in the month of June 18^6. It will be 

• A 
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* ' . * * 

iseen, a.<t vir« proceed, that tonp magazine”* 'iraa seare^y ap^caUe 
. iatShe building theii destroyed. * • 

t 9 ^ 

; 7. 1 stated in my first report on this subject, that I oonddered a 

powder magazine, cominustled, arched and r(hinded in 

■ its outlines, of .low elevation, and free from metallic masses in its walls 
% 

and roof, to be as little exposed to accident as an equal ai^ of soil or 
.touaoe, the chances of which being struck by lightning i#e so infinitely 
small as scarcely to deserve serious consideration. The Dum-Dum 
explosion took place in a common building of square form, formerly 
a .godown. Jt was not a magazine, but a mere store-room f|^r the 
pbwder usSd for the laboratory. It stood in the corner of a yard crowded 
with guna^ gun-cacriages, heavy ‘metal tools, shells, and other powerful 
conitectors of. electricity. It was exactly what it ought not to' have 
been, and the explosion which occurred, by no means invalidates the posi¬ 
tion, that the well-constructed magazine has but an infinitely small chance 
• of bein§ struck by lightning. • . • . 

8. The questions now arise— fiird, would even this minute contingen¬ 
cy be obviated thoroughly by a lightning conductor being attached to 
the magazine, on'.the metimd.advi^d by the Honorable the Court of 
Directors.! doondly, can the Conductor itself by possibility become a 
source of collateral danger ? l 

9. I will take up each of these questions in detail. 1 grant in the 

first plade, aSs the foundation of the argument, that metallic conductors 

have the power, vvhen properly placed, of siLBNTLYf drawing off comi- 

(iem&2c'«qcumulation8 of.electricity ffom the clouds; and, secondlyy 
# • ^ 

of guiding away to the‘<eairth eoimderahU direct explodve discharges 
or fiashea of ’without permitting the electric matter, whatever 

it be, to impinge diivdly on any adjacent bodies. 


8ee ISote, pe^ 11.'—Eo. ' 

t llins tlie tiifhtoiqg ooDdafltpn, which we now plaiw oh . buildings, as pmteotlons to 
those buildings against damaga .by lightning, have, in addition to their ralne in tbia respect, 
*tiie property of gsadtudly deprivitig the ntorm clouds of the fulminating matter with which 
tliey are charged, and which the bondtiotorS carry (iff aUd oonvey .niently and harmlessly to 
the ground. ■ If sappose the fulminating matter opoumutated in the oloods not td'^ ahs- 
septible .Of auddi^ reprodhotion, i^ WiQ follow that lighting oonduOtm mtfst hare iiti.'(dM 
In iliwiinighing ffiis iuteiislty of thunder stwm:, aiS tlie number, videnoe ahjt of 

atrokoi of lij^tntng.- -Arsgo’i KetemAagieal Euaya— Ed. 
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10. The extent to which the protecting influence of a conductor 
extends laterally, has long lieen a subject 'of attention and ciisousdon. 
Leroy, in 1783, asserted that a rod four to five metres high, above the 
roof of an oniinary buildm«^, defended a circle of sixteen metres radiu£^ 
or more tibmi three times its own elevation. (8^ Appendix, Note N.) 

11. The Academy of Sciences in 1823, in a report to the Mimster 
of War, adopted the opinion of M. Charles, that the circle protected 
was of a radius double the total elevation of tho conductor aJme tk/e 
roof. This opinion seems to have been generally adopted, but must 
be modified in consideration of the facts which M. Arago has collected, 
and some of which have come under my own observation. 

12. If masses of metal of any kind enter into the construction of-a 
building, the protecting influence does not OKtend to the distance above 
ineutionod. Tlio powder magazine of Purfleot, provided with a'conductor 
erected by Franklin and Cavendish, was struck by liglitning twenty-four 
feet from the nearest piirt of the conductor, which was twenty-^k feet* 
above tlu* roof —the disttince being less than the simple height The 
pirts struck contained a metallic cramp., 

13. Dr. Winthoi}) of New Cambridge reports, that a tree was struck 
by lightning when but fifty feet from a conductor attached to the steeple 
of a church, which may reasonably be supposed to have been at least 
fifty foot higher than the tree.f 

14. All that we are entitled to infer from thb facts before us, is— 
tliat in order to give safety from din'ct and onlirHiy discharges, we 
must erect so many coudnetors, that no point of the rdof shall be further 
from the conductor than twice the length of the height of the conductor 
above the level of the roofs if and this applies only to flashes from clouds 

* Tweuty-sii irat dibuve the level of the slab) of the oeruice, and 'll feet above the |K)iut 
of the roof, according to Arago’H account—ISu. 

1 M. Arago'a deduction from this aeddent ie as followsIf, OB-secmahatursl to suppose, 
tho height of the steeple, was not less than HLvand'twenty feet above the top of the tree, the 
feet rdated by Dr. Winthorp would be djrecUy at vai'inuce with the idea, that the rudiua of 
the action of a lightning conductor is to be measured liy double the alMolute veitieal height 
of the extreinity oftherod above the objei'ts to be protected.-'See ,Arapo'it Afeteoro^icol 
ibrays.—£t>. 

Taken oopjointly, the above facts authorise the assiimiition, that tho preserving aeticst 
of lightning oonduotors erected on the tope of biiildiug't may be steely estimated to extend 
to a horisonlal distance, eqiud to twice the hgight of the rods of Uic conductors measmvd 
front the points on which they ate iixed.—/itd.—liu. 
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in a ^m.atittoBphere, and o&ove the building. Tbe aroa .of jnoteetion is 
uoqusstidnably much contracted, under the circumstances^ eo t v?Tnn(ion 
India^ of a thunder ddud being blown with hurricane velodty across a 
plain, before a funous squall Nothing but a line or chmn of conductors 
connected together.by horizontal metal bars, and surrounding a building, 
can possibly protect it from discharge under these paroxysmal storms- 
This is the opinion 1 offered in my first report, dated the 27th 
December 1838; and I have now but to repeat, that one or even two 
conductors are not an adequate protection, and to ensure safety, several 
must be erected. The subsequent considerations will probably bear me 
out in stating, that a properly built magazine, with but one, or my in¬ 
adequate number of conductors, is in greater danger d eiqilosion, than 
if it had none; and that with ever so many conductors, these should be 
placed at a considerable distance* from its walls. 

15. I proceed now in the attempt to sustain my opinion, that “ a 

magazbe with but one, or any inadequate number of conductors, is dn 
greater danger than if it had none.*' * 

16. The cause of a lightning discharge selecting the conductor is to 
be traced in the law of electrical induction, which I hope to be pardoned 



The cloud a, highly charged with electricity of either kind (let us say, 
positive,) approaches the earth, and by the approximation causes the 
natural electricities of the earth b to separate, and that of tiie negative 
kind to accumulate at the sur&ce opposite to the cloud. The interven- 

* If the conduct^ be placed at a diort distance from the btdldmg, it is decidedly badly 
has ehewa that diiohargea of Ughtniag are often tmoertain, and 
ihioogb the air in other direotionB tium $uA of tbe conductor. Hence ve oannot 
apply a too dose to the walls of a bnil^ing whioh we desirB to defend—iTairw 

ON IVlaadw StpnM.—E d. 
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iog particles of air are thrown into a polar state. The doud is attracted 
the earth, the electricity of which b^omes most aconmulated on the 
buildings and objects on its surface, in proportion to thdr degree of ooh> 
ducting power. At length the resistance to the rushing tc^ether of the 
two opposite electricities is overcome, and a .discharge by explosion 
takes place, the best conductor on the earth receiving all the electric 
discharge it is capable of owdwsting in the time the dischar^ 
occupiea Of all such bodies a pointed metallic rod is the most likely 
to receive a discharge, and will lead off the greatest quantity thereof 
to the earth. 

r 

17. Mr. Daniell has indeed stated, that a pointed bar must cause 
a alent discharge without explosion.* I am unable to comprehend 
bow *Mr. Daniell could have fallen into such a misconception. The 
whole history of lightning accidents, teems with instances of well con¬ 
structed pmded rods having been struck, and the points melted. Look 
at the accident to Mr. Trower's house for example.f The contactor is 
faultless in its construction, and the flash was seen to strike it by Dr. 
Qoodeve. 

But let Mr. Daniell try this simple experiment. Let a be a Leyden 
jar, 6 a rod and ball connected with the inner 
coating, c e a rod and ball coimected with the outer 
coating, b represents the exdted cloud, c c the 
excited surface of the earth. To the ball of c 
apply one branch of a poirUed discharging rod, 
and then BAFIDLY approach the other point 
to the ball b. A hiss is heard fur an instant and a loud explosion 
then ensues. If the point bad been brought verg shvity towards the ball 
b, there would have been nothing more than a silent, or at most a hissing, 
discharge. Mr. Daniell will perhaps admit that it is the same thing, that 
the earth carrying the conductor should approach to the doud, or the 
doud ap|S^aoh to the earth; and he will see in this experiment that it is 
dm{^ the degree of velodty of the approach riiat governs the nature 



* “ 1 foinaed cooduetor irill indeed draw off silently and safely, a considorablo portion 
of eleotricily from a (diai:ge4 doad, bub it oan possess no power of detormining a disraptive 
and destructive dischaige^ at a point where it would not otiierwiae . occur.”—Jfr. IkmielF$ 
Pdfer, para. 9,—Note bp Dr, 08^ 

f Described in Dr. (YShau^essy’s Aepurti— Ed. 
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of the discharge. The electric cloud iu a calm atmoaph^ will giro. oB 
a ooDstant and (juiet stream, to* the rod—^but let the cloud be 
onwards, before the wind, or drawn mthin the vortex of mechanical 
electrical attraction, and then explosion. will imvitahhf enBv^ ‘ 

18. So much for the cause and nature of the direct lighting fluh 
to a single poirUed conductor. Let me beg the Board to honour me 
with thrir attention to tiiis distiuctbn, as it is essential ihat no miscon¬ 
ception should arise. 

19. An explosion then, it must be admitted, may occur to .a , pointed 
conductor. I have next to show that this explosion, mr the flash, or the 
quantity of the electricity passing (which I use as convertible ten^) may 
be so much greater in quantity than* the single conductor can convey in 
the time of the discharge, that a considerable part, nay, the whole of the 
excess, must pass to the adjacent objects. To make my meaning dearer; 
—Let us suppose the cloud to be charged with 1000 parts of active elec¬ 
tric master—^letus assume the conducting power of a lightning rod to be 
equal to 2p0 in a unit of time; I believe that the 750 parts in excess, 
wiU, in the same unit or instant, pass off in every diredwn to surround¬ 
ing ol^ects, striking those which offer it the best conducting path.* 

20. In proof of this assertion, 1 refer to. the accident to Dr. Goodeve s 
house, which I have already reported. Dr. Gloodeve’s house is twenty 
feet from Mr. Trower'a Dr. Qoodeve while walking in his verandah sma 
the lightning strike Mr. Trower’s conductor, and at .the same time strike 
his own house; taking, as might be anticipated, the window bolts, and 
other metallic bars in its course. 

21. Let poe cite another and a most important fact from M. Aragp’a 
rich collection. The house pf Mr. Eaven, in Carolina, was provided wilb 
a conductor formed of an iroq bar fixed in the roof—a brass wire outride 
the wall thence led to another metal bar planted in. the earth. The con¬ 
ductor was struck by lighlmingi the wire was melted as far as the ground 

’ * The opponents of lightnuig condaotors have aigued agiuniit theta our present 
ignotanoe, (an ignorance whioh we must expect will long ooutinue), as to the maximum effeot 
which lightning may produce; .and therefore, as to the maximum dimension i^ikih may 
he required Ibr.'the oonduoton. The difficnlly aithongh founded oh truth, bias 
in it nothing whieh,BCCd step our proceedinga.. If we take the (fithefision to be given to' 
oosdi^n from . eXpetfienoe, and if that wbieh wt adop^ haa been fouiid to resist the 
stuongeat Ughtning recorded during thre^ or four ^ntiiites, what ean be reasonably aaki^ 
Meteorological ' '' 
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‘lightning then pierced the jnasenry of the at a right 
angle, ei^acUy vbere a gtm was standing against the wall, in the Ikitchen, 
the barrel was struck but uninjured, the stock broken, and thence the 
electric matter passed to the ground. 

22. Here we have clearly lateral deviation from a conductor, wnd t&s 
exam paam^ to the nearest conducting direct. The wire, was dispvo-^ 
portionately small for the quantity of the discharge, it was fused, and 
the excess passed to the adjacent conductor. It will be objected, that 
ibis would not have happened, hod the lightning rod, or wire, been of 
the ordinary dimenaons, that the conductor could nut have been fused, 
and the lightning could hot have left it. In reply, I point once more 
to Dr. Goodeve’s house. Mr. Trower’s conductor was not melted, and 
yet Dr. Goodeve’s house was simultaneously struck. 

.23. Look to another fact, cited by Arago. A French vessel of 
war, ha Junon, was running before a brisk gale. A copper conductor 
of twisted wires led from the 'main-mast head to windward, and was 
secured by copper strips to the ship's sida A flash strikes the top, 
and a flash is seen by all on board, at the same instant to leave the 
conductor about on a level with the cap of the mainemast and to dart 
into the water over the 2ee bulwarka This is a clear instance of an 
excess of electricity leaving a conductor through which it cannot force 
an instantaneous passage. All that the conductor could conv^ was 
borne off to windward—the rest opened to itself another and less dilfl- 
oult passage. 

24. It might here be the most appropriate place to discuss the 
question, What is the greatest mass of metal a flash of lightning can 
fuse? When we remember tiiatthe surface of a cylinder increases by 
a simple multiple of the diameter, while the mass increases as the cube 
—that every fact shows it to be the eur/ace whidi the electricity pur¬ 
sues,* while its calorific effect must be in the inverse proportion to the 


*• Mr. Harris, a l|i^'avtborit^ on elsotricJty, miikes these remariks.ieBpecliing the surface 
action of coaduptors ' 

. of * metallie rod hns but litfle rela1a<^ to its solid contents 

.blit ^idfspen^t on its sar&o^ from which cause iUih.<ttere gliding of a ball 

of WlWisibtl^to<pondh)^» $^>))M^f^ diadhuge with the same thoility as 

' it i|M|i.baU ^ henoe aleas qnantiliy iiioUll formed mto a hoUow 

. into. wotdd ^ ds .a/oo^dmitori eTrafaoiw«f&otdsl t^ja i' jpofi^rnd of the same diameter 
'■ ' beoanse 



( 24 ) 


mass—it will probably seem that the surface may be ioadequate to eoa< 
vey a quantity of electricity, aldiougli this be insuffideut to mdt or 
even to heat the whok mass of the metal {See Appends, Note E) 
25. Mr. Dauiell, in reference to the efScacy of single conductors, 
enters on the much vexed question os to whether th^ aJU/rofit lightning, 
or are merely passi^re conductors for its couveyance. He takes the lat¬ 
ter view, declares the former to be absurd,* and compares the conduc¬ 
tor to a water-course, a favorite illustrationf of his as it occurs in more 
than one part of his published writings. Practically, it is but of little 
consequence whether the conductor be active or passive; but o^all the 
substances exdted at the moment—engaged in the vast induction we 
have described—of the doud, the air, the eatth, and the things on 
its surface—the lightning rod is that in which the induction ^is the 
most powerful and towards which the explosion is theiofore the most 
likely to occur. Call it passive, if Mr. Daniell so pleases, but the elec¬ 
tric fluid is more active in it than any where else. The discharge takes 
place; the first instalment, or the head of the column rushing to the 
point of the conductor, heats the air through which it passes, ronfies 
it and diminishes the resistance to the outpouring of the rest of the 
electric accumulation. The excess, unable m a unit of time to pass 
over the bar, rushes to surrounding object&l Did it oaur to Mr. 

because its sapeifioeB would be moreawd ^—Hoirrk on Mleetricai Condnetm, p. 31.—^b(e 
iyDr. (TS. 

In Appe&i^ Note E, will be found a more dear explanation by Ur. Hama of the dutiuo* 
tion that he makes between solid content and sui&ce.— £d. 

* The Board are referred to the marginal note at para. 17, for Hr. Darnell’s own 
admission, that pomted oonductois ’* draw off” a oou<aderable portion of electricity, fee. 
fee Draumg off and are very like synonymous terms —NoU by Dr. CfS. 

We bare however already shown, that pomted metallic rods, hare no suoh attiaotire 
it^fliience, and that discharges of Itghtnmg ate deteinuued towards the earth by vary 
different causes Bat even if it weie true that a pointed metallic rod did innte or attiaot 
Helming towards it, sUU we cannot suppose it to attract more tiian it oan conduct htnoe 
the attiaotiutt would entirely depend on the superior oonduoting power of metals; to assert, 
therefore, tiiat a conductor oan draw towards it, more Itghtnmg than it con conduct^ is to 
aaaert in other words that it attraote more than it con attract, which is eridentiy an absurd 
proposition.-— on Thnndcr Storm, pnye 222.—Ed. 
t In this instance the lUustration is quoted foom Sir W. Snow Banii.— Ed. 

X The Board are requested to consider Mr. Fnraiaffo opinion on this point .— 

** The feet however is, that dinmptlve 4i«diatga fetfevovable to ltad£ It u at the ontsat 
aease of tottering equiUMum, end if time be ea elMqpnt in tim dieebiigi,in howwm 
minute a proportion, tiien Aa eotmmmmit e/<tA*8ct «l My point fuonitiMUmMoa 

end 
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Daniell that no prudent man builds his house by preference on the baak 
of a mountain watercourse ? The watercourse is doubtless passmt 
and it will quietly and silently carry off the stream of an ordinary 
shower; but the rains may sometimes fall in excess, the stream swell to 
a torrent Ab the waters require a given time for the flow of a certain 
quantity, the excess inundates the bank, and the house is overwhelmed. 
Tlie parallel seems to me to be comjflete, although Mr. Daniell’s in< 
gcriuity may probably succeed in placing the question in a diflereot, and 
less intelligible light. 

26. With very great respect for Mr. Daniell's aixiuirements, I cannot 
help wishing he had the opportunity of increasing his practical know- 
ledge, ^by observing a tropical storm. Had he seen the whole horizon 
one dense mass of electric clouds—had he heard crash after crash, a 
hundred times repeated, like the broadside of a line-of-battle ship—had 
he seen the lightning strike (as I have) three times within a few seconds, 
and not a hundred feet from my house—^had he been in a storm in which 
thirtycne persons perished,—he would very probably participate in my 
idea, that electrical accumulation very commonly surpasses the convey' 
ing power of ordinary conductors; and the consequence might be as 
apparent to bis mind as to mine, that the excess must pass to the most 
adjacent objects. 

27. These facts appear to me sufficient to warrant my opinion, that 
there is more danger in giving one conductor to a magazine than in 
leaving it unprovided altogether. It appears to me, further, as I have 
already stated, that oven from any number of conductors there is another 


and IKCKKABK, and portioua of power will be disdurged bg a courte which olherwi»e they 
mdd not hare taken. 

The true heating and enpaminn of the air iledf by the firtt portion of eUetrkitj/ 
which pallet mmt have a great inflaetuse m produdng thU retuU. 

** Aa to tbe resnlt itself, we see its effeot in evefy eleotrie apark,. for it is not the wbok 
quantity wbioh passes that determines the disehat;ge, but merely that smnll portion of force 
which brings the deciding molecule up to its mMimiim tenaiou; thea when its foroea a» 
Bubretted, and diaoharge begius, aU the rest paeset by tone couree fropi tlio influence 
of the &rotuig oiroumirtanoei just referred to, ai^ whether it be the electricity on a 
aqitare inch oaf a thousand equore indhea of diaiged glaaa, the diaoharge is complete' 
Hereafter we shall find the influgnees of iJiiB efiect in the formation of Imiahes, or it is 
not imposeible that we may traoe it pidhuulbg the jagged aparfc, and forked Ij ghfaihig ”—. 
Faraday't EoperimntcU Feiearehei, paras. 453,451, and 14l7t 18,19, 20,—iVbte by Dr. </S, 
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soi)^ of 4aDg«r in 1 teroi iibe lateral jiacAai^e,* uDless l^io oon- 
dtt^stois 'be plao^ at a considerable distance from tbe magiEizme. (ike 
Appendia, l^ote H.) 

28. As much controversy has arisen Regarding this lateral discharge, 
I wish to explain clearly the mining I attach to the term. If this be 
patiently considered, 1 think, it will be found that it is more about the 
fitness of words than the nature of the facts, that the diferenco of 
opinion exista 

29. I select an experiment with the Leyden bottle to exemplify my 

statement. 4 i 

Let a, be a ball and wire connected with the inner coating, h b with 
the outer coating of a charged bottle—^let c he a 
metallic boll placed near, but not touching the 
rod 6; when the discharge is made by bring¬ 
ing a and b into contact, by means of the move¬ 
able Ad d, as the electricity passes through the 
rod b a spark takes place between it and the 
ball c, although the ball c is out of the direct circuit, 

30. This spmrk all electriciaus have seen; its existence is vniversaUy 
admitUd. The ball e may be connected with the ground, or with a long 
wire, and the spark will still pass. If the hall be connected with a wire, 
and the opposite end of the wire with the apparatus called “ Yolta's 
cannon,'* chaiged with inflammable air, at the instant of connecting the 
outer and inner coatings or discharging the jar, the cannon is exploded 
also, thus 



. * It may be observed, that if. lightning rods are liable to produce lateml exploaioiu 
«pon surroaadiip bodies, so as to set fire to influnnmbte matter, and cause other desiruo* 
tivs effecta; thmi there is act a powder mogusine in B^pe, armed witli such rods, which 
vpoi^temg struiA by Ughtuiug, would out ei|^erbe blown up or i^agedi bat this at kart 
we bave shewn has never been the case.—.Horru on Thunder Slot ms.—£u. 
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Ounpowrler, spirits, and other inflammable mt^iters ^ 
this spark, although it is manifeftly &r oui of the C(mr9& 0. lh6 itUN 
diachanje, (shown by the arrows in the figure.) 

31. Thm^. have been several att^pts to explain the occurrence of 
this sparL The older electridans, and Henry of New York, regard it 
as the eifect of induction in the bodies adjacent to the main conductor; 
that it is not a direct emanatioa of electridty from the conductor to the 
lateral objects. Mr. Daniell says it is only the exce^ from cm induffir 
eient condfootor which passes to &e a<|iaoeut object. This idea any one 
possessed of a Leyden jar and a few pieces of wire may set aside by a 
simple experiment, when he will find the success of each attempt at ob¬ 
taining the lateral spark increased by increasing the mass of the prime 
conddbtor. Mr. Faraday however supposes this extra spark to be a direct 
expansion of tlte electricity—that with a good lightning rod it can be but 
small, and then not to badly conducting matter, as wood or stone, but 
only to neighbouring masses of good conducting matter, as the ntetals,* 
which either ought not to be there, or if there, be in metallic connexion 
with the conductor. 

32. On this I will only observe that the spark now alluded to, whatevw 
be its cause or nature, may be expected to increase in power in direct 
proportion to the quantity of electricity in the original flash. If with a 
quart Leyden jar we can procure, as I have repeatedly done, a secondsoy 
or lateral spark half an inch long, capable of inflaming gases and gun¬ 
powder, I think I am not straining the inference too far, when I believe 
that the discharge of 10,000 acres of excited cloud may cause a secondary 
spark or flash capable of passing through the wall of a magazine and 
exploding its contenta The magazine, moreover, contains powder bar¬ 
rels lined with copper, and even though no flash or spark pass through 
the wall, the barrels themselves may give sparks to each other under the 
influence of the electricity passiug ou^cZe. Mr. Faraday has shown in 
one of the most perfect of all his matchless researches, that without the 

* Hr. HairiB haa„inde6d, recentlj asBerted that increaaing the primary does not incroaao 
the aeoondary one; but I mu^ state, with every respect to this gentieman, that 1 have 
repeatedly ediibited to my ola8se8,«lottg before his paper was publisfaed, the experiment 
described st pan. '80—end that I hav%often shown, that whQe suceess is onoertain with a 
small jar, it is infidUble with a Ur^e one. I hod not the meant of measuring the spark, 
bnt its increase was plainly tMble anS palpable, as we inhretud tiie battery and its 
oharge.—iVofe ly ^r* CtS. 
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direct conveyance of electricity, the rvaUs of an apartment in which a 
common electrifying machme is worked, we in a state of active electri* 
cal exdtement; 

83. Mr. Harris, who is doubtless a highly accomplished electrician, 
has recently published some views r^arding this spark, which require a 
cursory nc^ce. Mr. Harris, when ten years ago he proposed his system 
of {diip conductors, was either unaware of the occurrence of this spark, 
or held it in such little respect that he actually led one of his conductors 
through the alter powder magazine, and he has recently induced the 
Lords of the Admiralty to order this system to be adopted thro^h the 
Navy. 

34. Mr. Harris admits the exiatekoe of the lateral spark, but attri^ 
butes it to what is commonly called the “ residual charge.” Thu^ after 
discharging a battery, it is well known that a small secondary charge 
collects, and will give a spark or shock to any conductor touching both 
the coisliings. 

3.!>. I repeat, that it is but little consequence what the cause or 
naJture of the spark in question be. It is its existence only that should 
influence this question. But if Mr. Harris will repeat the experiment 
described at para. 30, he will find the explosion of the cannon to occur 
at the very some insktiU of Mine as the discharge of the jar, and that 
after this, he will still succeed in obtaining the residual discharge on 
contact of the inner and outer coatings. 

36. The accident which befel Her Majesty’s Ship Rodney* last year 
in the Mediterranean, shows the occurrence of the lateral, or extra dis¬ 
charge in a form which scarcely admits of mistake ; the flash struck the 
main-top-gallant mast, and escaped from the mast seven feet above the 
deck, and was seen by all on deck to go over the lee-nettings, and strike 
the sea a short distance from the ship. Sparks were seen by many of 
Hie ojficers between-decksy and many of the men declared they saw balls 
of fire on the lower deck, and ran after them to throw them outf 

Here is another instance of lateral or indirect eflect At the moment 
Dr. Goodeve’s house was struck, Mr. Hutchins, sitting in a room on the 


0 

* Neither ia iMi nor ia Mr. Harris’s seoouat of the ^deat is mentioa laade of say 
oonductor being sttsebedto the nuut,—BSo. e ' 

t See Stoigeoa’s iansls of Eleotqoi^, October 1839, page 188. 
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gronnd floor several feet from the course of the lightning, received a 
severe shock. Whatever produces a shdck will in greater quantity cause 
a spark, and if the spark be but the tenth of an inch in length, it 
can inflame powder, which is the great matter we have to guard against. 

37. In connexion with this subject M. Arago gives us some very use¬ 
ful hints. A few detached sentences may be quoted to show M. Arago's 
ideas;—“ Lightning once engaged in a metallic bar of sulflcient dimen¬ 
sions, and well constructed, will not qiiitit to strike the matedals of which 
buildings are usually constructed, but in such sif all quanuty that no 
injury can ariac, nor even any appredable effect.” ^ 

38. M. Arago is here writing of ordinary buildings. But what would 
produce no appreciable effect on these, would cause the explosion of a 
magsRsine. 

39. JU. Arago proceeds to ask, “should conductors be placed within 
or external to, buildings?” The Board will see how this bears on Mr. 
Harris's ship conductors, which run through after ma^aziy£. “ I 
confess,” says M. Arago, “ tliat on this point I would be much less 
aflirmative. Voltaire used to say, “ there are some great lords not to be 
approached without extreme precaution, and lightning is one of them.' 

1 think the illustrious author is perfectly right, especially when I recol¬ 
lect the case of Mr. Raven’s house, already alluded to. Doubtless the 
conductor was not sufficiently thick; but here is an occurrence in which 
all was apparently in good order, the conductors acting as well as could be 

desired, and nevertlieless there was a deviation of the electric matter.” 

«*»#«*«» 

“ The 81st July 1829, in the Jail of Charleston, at the moment of an 
immensu thunder clap, 300 persons received a violent shock, the effects 
of which lasted for some seconda * ♦ * » * 

“ The jail had three good conductors, eighteen feet apart: the building 
was untouched by the lightning.” • * * (See the Annuairefor 1838}. 

40. How did the inmates receive this shock ? M. Arago refers it to 
the large quantity of iron the building contained. Can I be accused of 
exaggeration, whmi 1 express my belief, that the same cause, which in¬ 
dependently of direct discharge occasioned the shocks here alluded to, 
might in a magazine of powder barrels be sufficient to occasion muiute 
sparks, and the consequences {o which these will naturally lead ? 

41. Lastly, M. Arago alludes to the prop(»ition of Toaldo, sanctioned 

by the Academy of Sciencqi that for powder magazines the ccmductor 

* 
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should be placed at two or three metres from the walls, on yertical masts. 
He n^proves of the idea in prmmple, bat describes its practical applica> 
tion as too expensive, owing to the number of conductors which would 
be required. 

4i5. But thei'e is one most important experiment by Professor Henry, 
of New York, to which 1 earnestly invite the attention of the Board. I 
wish my humble voice could reach the Lords of the Admiralty with 
effect, and that by an appeal to the good sense of men, who have only 
public interests at heart, and who have no previous scientific doctrines to 
combat for, t^t I could induce them to pause before they provide the 
British Navy with the dangerous conductors Mr. Harris has led them 
to adopt.* Professor Henry led a copper wire, forty feet long, from the 
prime conductor of an electrifying machine, into a deep well, full of water. 
On working the machine, from every part of this wire large sparks were 
obtained, and a voltaic cannon was bred by ono of these sparks close to 
the surface of the water. Nay more, Professor Henry repeated this ex¬ 
periment on a lightning conductor attached to his house, and properly 
constructed in every way. From every part of the conductor sparks 
were given off 

43. But even in the paper by Mr. Faraday, I find ample admission 
of many of the facts 1 have contended for. ** It is no doubt true, that 
low rounded buildings, such as I understand powder magazines to be in 
India, are but little liable to be struck by lightning." “ It is also, I think, 
very probable that a lightning conductor may, under certain drcura- 
stanc^, cause an electric discharge to take place, where none would have 
occurred, no conductor being present." 

44. Let us hear what Mr. Daniell himself is candid enough to allow. 
(8iM jmHi. \1 of his Re;port) 

There can be no doubt that a conductor in the moment of a dis¬ 
charge of electricity passing through it, influences in n degree all good 
conducting substances in its immecUate vicinity, by induction, but no 

* It is not unimportiuit to obserre, that sboe the yew 1829 Above 30 of Her Majesty’s 
ships have lud pointed oondnetors fixed in all their pnwts. These vessels have been at sea, 
and exposed to severe thunder stomu in all parte of the vorld; and although, as we have 
jh^lthewn. heavy eleotrical disoharges have Men upon them, yet in no instanee has any 
dattuip^e or inooaveidinflS been experieaoeid;''on the other hand, about 41 vessels not fitted 
with fixed oonduotoH (mwe than ^ of the average numbanmf ihipB at sea, or on f<sra%a 
sIstionB) are knoro tp have been BtrUflkfanddAiaa9ed4uriugtiu8period(endinglS121.— 
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diiK^arge will take {>laoe from it to aa^ neighbounog 
iNSUFificaENT rrsEJLF to conduct the whcde of the charge."’ ♦ ♦ ♦ ‘ 

45. To this T have only to add, that since my first Report (Deo. 1838), 
in a paper published by Mr. Sturgeon in the Annals of Eleetridty for 
October 1839, precisely the same ideas as those I ratertain aire folly 
and ably advanced. Mr. Martyn Roberts, a well known Electrician, ad* 
vocates the same views--sacb also were the opinions of my admired and 
esteemed friend James Prinsep, whose name alone is full proof, to the 
Indian community at least, of the sterling value of the conclusions he 
arrived at. 

46. From the consideration of all these facta and reasons, I think 
myself justified fully in adhering *to the opinions expressed in my first 
repofi I do not, and never did, deny the protecting power of weU-con- 
s^ructed conductors erected in a given numbei'. I stated distinctly all 
the circumstances from which danger might result, and how 1 conceived 
these might best be avoided. I freely admit copper to be superior to 
iron, but I wished to avoid expense in introducing the system 1 jno- 
posed. On that system I conceive all danger would be obviated, while 
in the method proposed in the letter fram the Honorable Court at least 
two highly probable causes of accident remain in full operation. 

47. Having obtained through your Board the sanction of Qovem- 
ment to the publication of the papers by Messrs. Faraday and Daniel}, I 
wiU take care that the views therein contained shall be generally made 
known. In an early number of the Journal of tho Asiatic Society, 1 
propose further to print an abstract translation of M. Arago’s remark' 
able Essay “ Surle Tonnerre" which I saw for the first time when it was 
sent to your Board, along with Messrs. Faraday and Dauiell’s papers. 
The interesting facts with which M. Arago's memoir abounds, will 
doubdesa lead many competent observers to study the phenomena and 
effects of lightning on the grsmd scale in which these may be witnessed in 
India. A multitude of facts will doubtless be thus quickly accumulated, 
and from these we nmy reasonably hope to found certain opinions on the 
points i^Ul open to doubt and discussion. 

48. The electrical history of Chowringhee I will fake care to oeJlect 
for Mr. Daniell's gratification, jvith the precision he is good enenig^ to re¬ 
commend me to observa *1 only regret that this is not the appropriate 
place for nodcing the very courteplis remark he has made upon this toiaa 
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I designedly forbear from all observations on the attachment of 
conductors to ordmary edifices, whether private or public. No one is 
more convinced of their value than I am, but I am at the same time as 
satisfied that as they are usually constructed they are sources rather of 
danger than of protection; referring therefore, with great respect, to my 
first report, I can only modify the suggestions therein given to the e.v> 
tent, that I believe six to ten feet interval between the walls of the 
magazine and the conductor will suffice, instead of the more consider¬ 
able space, 20 feet, which I first recommended. With this sole exception, 
1 am deeply impressed with the belief that it were wiser to corwnit our 
magazines to the same chances through which they have passed unharm¬ 
ed for the last half century, than expose them to the possible dangers I 
have described to proceed from the attachment, in the ordinary manner, 
of an inadequate number of conductors erected at but one foot from 
their walla 

50. ^To economize materials, it would be advisable to erect a wall as 
high as the roof of the magazine, ten feet distant from it all round. At 
each comer of this wall a conductor twenty feet higher than the roof 
and properly led to the ground as deep as the water level, should be 
placed. Between these conductors, at every ten or fifteen feet, I would 
place a pointed bar six feet long, inclining outward at an angle of 45^; 
all these bora should be connected at their bases with the corner conduc¬ 
tors by a broad strip of sheet copper led along the wall. 

W. B. O’SHAUOHNESSY, m. n. 

Medical College, 2Uh June 1840. 

No. 8. 

Letter from Dr. O’Shatjghnessy, Supplementary to his Second 

Report, 

To Major DeBUDE, Secretary to Cte Military Board. 

Galcvlta the SOt/t Decmler 1840, 

Sir,— 1 HAVE the honor to return herewith the plans of magazines 
and the descriptions of adjacent objects received with your letter of the 
Ist instant I have drawn up memoranda upon each, in whioh I state 
fully the number and position of the conductors which I recommend. 

Attentive consideration of the specifications you have sent me has 
led ma to believe that a much cheaper and more efficient system of con- 
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diictors is ap^dicable m Biany oases tbap vhicb I prised in my 
previoQs papen^ before I bad received from yon tilie dalsa your la^ des¬ 
patch supplies. 

I would, in the first place, remind your Board that every fact in the 
history of lightning shows it to be mrfaix of conductor, not muss, whieb 
is required for the safe conveyance of the electric discharge. 

Secondly .—^That copper is unequivocally shown and admitted by all 
authorities to be about seven times superior to iron in conducting power.. 

The cost of inch copper bars being at least Eupees 2 the 
running foot, opposes an insuperable obstacle to their being employed in 
the numbers I consider absolutely requisite for efficient protection. Be- 
garding this point, I refer the Board to the details of a very remarkable 
experiment described in the Appendix, and the inferences 1 draw firom 
it% consideration. 

For all these reasons I propose, in lieu of rod iron or copper, to erect 
conductors of sheet copper attached to msisoniy pillars 3 feet aqtare at 
the base tapering to feet at 30 or So feet high, and terminating iira 
light spar of 10 to 15 feet. Along this support I would fix a three inch 
copper strap, cut from the sheet This strap should be led into the 
ground away from the building as far and as deeply as economy would 
permit, but never less than 10 feet deep. 

The expense of such a pillar conductor would amount to. Masonry 
150 Rupees, 1 maund of (16 oz.) copper, at 35 Rupees will give 320 
feet of three inch strapa Say the conductors average 64 feet in length, 
this would give the cost of each only 7 Rupees. 

A system similar in most respects is now adopted in the Royal Navy in 
preference to the old rod conductors. There can be no doubt of the 
superior efficacy and economy of the straps, although 1 agree with Stur¬ 
geon and others in considering Mr. Harris (their proposer) to be reck- 
less of very possible consequences to a most blameable degree, with re¬ 
ference to the position and direction he has placed these conductors in, 
namely, running right through the vessel, and in one caee passing dose 
to the after magazinea I would again urge the necessity of erecting a 
6 to 10 feet wall, wherever practicable,^ at 10 feet distance'from each 
magarine, and along which a qppper strap should ^be laid down as des- 
dibed m tha memoranda No. 7. 

. B. OHHAUGHNJESSY, m. a 

I > 

6 
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APJJBNmX 

Pum^aHow of ta^permmu showing an dedrio di«sharge (Ughi- 

ning) fMy hem a good and large and w^rconslracled conduetor 
o/ad pose io o^her oondndimg abjeeh in the vhm^y. 



iln tl^e a represents a large Leyden jar, h a ball in connection 
with tire inner coating, e a model lightning conductor of copper rod 4 of 
an inch in diameter terminating in a point, and d the discharging rod by 
which tire electric accumulation can be exploded from 6 to c. 

On discharging the jar the explosion passed, as might have been an- 
titipated, without fusing the bar and in a single discharge. 

A second copper rod was now added; bent, as shown in the annexed 
sketch, one end (pointed) being brought to within 4 of an inch of the 
conductor c the other end in metallic contact with the outer coating. 



At «veir 7 :^hitohtirge throiigh the prinCip^ conductor (e) a bright spark 
passedrdi x. This Could not have been^ what is called the " retiduisd*' 
, timnltaneodswith t!ie main ezplotion. ^^ 
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In the next ezp^iinaifc; H was tl^t catting (2 at x, x iuui |)Ia(^ 
ing detonating powder in the secUen, it ;e 3 ^)loded ttondtaneoaely Wit^the 
miundlschaige. 

Instead oi a point the rod d may tenmnate in a ball and tha;|aii^ 
phenomena ensue. ' ' ^ 

Increasing the size or charge of the jar a eansed the spark at x to inr 
crease proportionally and the striking distance to kcreasa 
I regard this as direct experimental proof that electric dischoi;^ will 
subdivide themselves^—that is, that a proportion of the discharge will de¬ 
sert a conductor (m itself sufficient to carry off a still greats quantity), 
and will strike to other conducting bodies in the vicinity. Let us not 
dispute about the name to be given Ito the discharge, call it " lateral” or 
“ resiflual,” “ direct,” or“ return,” it matters not The fact of import* 
ance is, that a powerful spark does pass between the conductor and ad¬ 
jacent conducting bodiea 1 ask emphatically if, with a quart jar this 
spark takes place through ^ of an inch, is it exaggerating probabikties to 
apprehend that as a flash of lightning passes through a conductor placed 
dose to a magazine, the analogous spu'k may penetrate the wall in obe¬ 
dience to the influence of the copper powder barrels within ? 

It seems to me that these facts, with others previonsly adduced, leave 

* 

us no choice or alternative. If we erect lightning conductors at aU,. we 
must erect them in numbers greater than those usmdly provided, and we 
mpt place them at a certam distance from the magaziffe we wish to. 
protect 

W. B. OBHAUQHNESSY, m. d. 

. > 

The 29th Pmmber 1840. 


No. 9. 

Pbofessob Danibll's Lettisb to F. Melyill, Esq., BEiBG a Reply 
TO Db. O'Shauohnessy's 2bd Bepobt. 

Kin^a CcUege, Londmi^ Wth May 1841, 

Mt J)bab Sib,—A ccording^to the directions contained in your .itote 
of the 19i£h ultimo, I haye rend and carefully considered, the collection 
of papers which you have tranlmittecl to me, mgarding the subject of 
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lightiiing c(niductoi:^.; and have now the honor to submit the following 
r^arks for the oonsideration of ^e dudunan and Deputy Chairman of 
the Coiut of Directors. 

ft . ft ft ft ' ft ft ft 

lamTiappy to observe that the “wide variance" of Dr. O'Shaugh- 
newy’s opinion with mine, which he announces vdll practically be of 
very little importance, inasmuch as he states himself to diSer in but a 
sUght degree from the opinions of Mr. Faraday. 

Dr. Faiaday commences his import in the following words:—My 
opinion is in favor of lightning conductors;" and he concludes as 
follows“ In my opinimi a good conductor, well connected with the earth 
cannot do harm to a building under its protection, i. a, though it may 
induce a discharge upon itself, it cannot induce a discharge up(m the 
building, and the discharge in itself cannot give rise to any secondary 
efiects which are likely to place the building in more danger than it 
would fthave been subject to had the conductor not been there." 

How Dr. O'Shaughnessy reconmles “ within a dight degree" this de¬ 
cided opinion in favor of conductors with his own is not of so much 
consequence as that he should act upon the decision to which he pro¬ 
fesses to differ. 

The danger of delay is again apparent from the exploaon in June last 
of the Coining House at the Powder Works at Mazagon by a stroke of 
lightning, the building being unprovided with any conductor; with regard 
to this as with the dmilar explosion at Dorn Dam, Dr. O’Shaughnessy 
would probably draw a distmction between the building, and a properly- 
coustructed magazine “ andied and rounded, and in its outlines of low 
elevationbut grantmg that the danger is greater in proportion to the 
elevation of the building, I cannot admit that such buildings are exempt 
from danger; or that the question of erecting conductors near them is 
altogether different from that of attaching conductors to private dwellings 
or ordinjory buildings. In the grand system of natural operations carried 
on in a thunder storm, even considerable elevations bear little proportion to 
the enmrmous sur&ees which are brought under induction, and do not in¬ 
fluence the discharge to wy great extent, in proof of which the lightning 
has often been seen to strike the level of the sea even in the vicinity of 
h^h masts of ships aimed with conductors. Ij) is true that the chances 
alow gilding, or of an equal ar^ of sofl or teirace bemg struck, aie 
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mall; but prude&t man would m«veuthbsiiiaU«^^^ 
stake is so serious and tbo cost of iosiffa^po so 9 ' '. ' 

Dr. O’Shaughnessy seems disposed to admit that safety maj be given 
to a building from direct and ordinary discharges ^ oonductore “ emdldd 
in such a way that no point of the roof shall be further from the ooa« 
duetor than twice the length of thehe%ht ofthe condttct<»'aboVe tbe 
level (j£ the roof;" but he adds, “this applies only to flashes from 
clouds in a calm atmosphere, and above the buildiiig. ^^<area of 
proteodon is unquestionably much contracted under the circumstance 
so commim in India of a thunder-cloud bdng blown with hurricane 
velocity across a plain before a furious stmm." 

This distinction I am quite at a 1(^ to understand. I will not suppose 
that Dr. O'Sbaughnessy means to compare the velority of lightning 
with that of the most furious squall that ever blew; or that he wuhes 
it to be inferred that the latter could have the lightest influenoe upon 
the former. If, as we have every reason to believe, lightning travCb wi& 
something more than the velocity of light, its transit between the doud 
and the earth miust be completed in an inappreciable moment of rime; 
and whether in a calm atmosphere or in a hurricmie, its direction wiU be 
that of least resistance at the single moment in which the discharge is' at 
once commenced and comi^eted. The object of the lightning rod is to 
present a course of less resistance than that of the object whidi it. is 
meant to protect o “ paroxysmal storm" fif I understand the term) 
would have power to cause it to deviate from this oour^. Dr. O’Sbaugh- 
nessy has strangely misunderstood my words, which he quotes in the 
margin of his second Report, and makes great use of the misconceprion. 
He says :—“ Mr. Daniell 1ms indeed stated that a pointed bar must cau^ 
a silent discharge without explosion," I am quite sure that if he wiU 
take the trouble to re-peruse the ^ragraph, he will be candid enough' to 
allow that 1 have stated no sucdi thing. 

1 have said that, “a pointed conductor will draw off silently and 
safely a conddmable portion electricity from a charged doud; but it 
can possess no power of determining a disruptive and destructive dkr 
charge at a point where it would not otherwise occur."* ' 


* i of conne mean vithout thc^mall circle of i)rotectioa, wiiAin that circle it liM power 
of determining Ac discharge upon itself ratUlr than upon other parta—iVole'l^ Mr. DameU, 
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amp M mmKd PSft ' Om ' flf «q|in% the dkchaiye 
WtMlHlIfii ikuiAt'ilrik ildhid She. (ySBiMishndMrr 

dkttpoftd he ^wMdbli'io iwieieeliieul hiMr Mit Dtauft oeuldlieiveiyiaa inm 
ew^ek itkhihteeNij^ttiMt^ * 

I i®e '^jj^^oee pipe^t ^e 

i lp Wi l ii i t i i >a e eeii i^y for t^jr^p^tiBf the 'vevf **$impk Mperi^if' 
iiUflliliiehAideiieitae^htle^ 1 eetire^ inree with hise 

liMt lA ie < 4 ell;e eeeentiil tlwt no teiiooeiwptioB should wdse^ e&d I 
iniif edaut^ whet I hmw sever dreemtef dei^dag, thatenexplonoumy 
•eou^ te w |>oiiited ooednekw. What I desgr is, that if the oot^uetor be 
pt^iptdf mmmrniimj uijttiy willeeiaeto aueighbouriagbailedfim 


jat ^ser X have the misfortwie to differ 'wgam 

ftgy initerially ftm D& O’Shaoghaessy. He undertakes to show that— 
Quahtity Hff the eleottidty passing ssay be ao mubh greater 
in <|tteattK|ff the dngle ooaduotor can convey in iha iimt of 
the (Usoha^ ; that 4 considerable pari^ nay, the whole of Ihe eiceaa, 
must peas to the ajdacent olijeote*' Kow;i the only measote of 
the m^^xbaUty of a oonduotor to convey a dudunge is its oapaldlity 
a mimm ^ be fused by tiie disdiaige, a<&>Bsidenble part, 
I ydinit. must pass to the surroandis^ objeota. Bven in tbe case of 
40 u 4 htf|^ I have no dembt that a small portion would pass through a 
emsUiutervel^f air from the main oonduotor to another good oonduotor 
l^iseid at a very diert distance from ii Xhe charge would divide itself 
upon the two oonduotors in proportion to the &dUties of transit which 
^ twb passages would dfrr, Indudbg^ of ooune, the high leaistauoe of 
the into^ of air tluwagh whidi it must leap; but ene «ff the obvious 
prootidftona iu ereetiui; a ^king ipd il to plam it at a gMni dtame 


^ inteoe eddMed^frem )t. etHeotiou of Hr. Bavunh 

4dnae ha OsroUna^ hi an i w ei M » eC an htiuffioient condimter hehg 
melted, M of the c6ns«^eeat ef tfra 4|pes8 td fr rnttAmm 
in the jbdghbouihood. w M^dent to 0r. Goadeve's ho««e, upon 
a^tbkyWm^xmm so muob dtrest, would not hawi|mwd 

dhe knttn^lhMi had the fflstuke between it and Hr. TroWBr’i eugh 
fre^ St originally stided., The distance of Id fret, 
tjiiil I# been asoartained, nf* th| true dilfrhuU between theuiy 
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lOaodd the hoiutt Ilk* of 

M. Bi 0 t*i opinion, 

fiiMfy. Dr. 0‘iaMHitgfa<wokytani»iiwM»iiklfi^ 
all initainoe of totenldom^ 

gM mistake in Ilia fetter of tlte lltb Saptetebte l«40) Dr. 
rteasy refers to ilia, in terms so itotistial sitilMtf III dfNsl to aoMlAdc 
oommnaiOBtiaui, that 1 liiaU refrain frtexi friirtitertoiiak»i«toi anlpiatoiw 
ing Mm iSiat be g|vea% ttfrtelato my apiitoj told fr«>frefli 

triumphing in the overthrow of tbis midn frol^ upon widafr ht hat 
founded so long an argndmt, I am even new disiMMed to grim a^ 
unneoessary aeateness of his frriings upon the oacaafon. 

In discussing, however, the question, what is the grsatesi totto* of 
metal*a flash of lightning can flue, Dr. O'ShaaghneiN^ fias nritoriteu 
the law of the distribution of stcMceA upon the atofiBea iff 

bodies, for the law of the oonduotion otcrmie deedfieUyi thtoUgh tUtiti. 
Nothing is mmw certain, and nothing more gSnsrsIly admitted*!^ <1^ 
competent authoritieB t^n the subject, than that the conducting po#tri 
of all bodies is, ocpfrfis paH!^, directly as the area of the section throa||l| 
which the electrioijiy pste^ I believe that Dr. O’Shaughnessy Would 
it difficult to produce onsjbef whirii shows it to be the surfroe Wtdefr 
the electricity pursuea*' * 

It is this fundamental error which has led him to imagine thai ** tffi# 
sur&ce of a oonductor may be inadequirie to oonvey a quantity of efto* 
tricity alihougb this be insufficient to melt or ereH to heat we iriidle 
length of the metal^ 

Dr. O'Bhaughnesay's observations upon the power of oouductors to 
attract liidrining being only perwmai to myff^f. rim poMiq storice 4oto 
not require that I should notbe them, and I shall, thgiylor^^ 
paas them by with one scmtoh» via that drawing off ritmrif and aafrly 
a oomridenhle portion of eleotricity from a charged cloudii^ ttqd ** attracts 
ing arissh of ^btoing" am not “ very like synonymoti^ tonns,'' as ho 

asierta rimm to ho* i» ’ 

With regard to the dangers to be appeehaddod from a frrisn4 ^ 
oki»rff» X have no expeotsrioi^ of converting *Dr. Q’Shaughnagg^tp toy 
unchanged opmion, that.wkh pmperly-Kxinstrueted aonduqi;qi%^,tbeto 
is nothing to be sj^hend^ Ifroto itj; the matfry-btojg 
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80 fully dittniSBcid the most emiaeut electricians* that I think 
the Court will have no difficulty in coming to a correct conclusion witli- 
out attadiing any particular importance to our unanimity upon the 
subject The deliberate opioioua of Dr. Faraday and Professor Wheat¬ 
stone, with the reasons d their conclusions upon the subject, are fully 
recorded in the Beport of the Committee upon lightning conductors, 
which was in the possession of Dr. O’Shaughnessy at the time of writing 
his last Beport, and to that 1 have nothing to add. 

As, however, Dr. O’Shaughnossy has “ selected an experiment with the 
Leyden bottle to exemplify his statement," and illustrated iiaritli two 
diagrams, and as from his so doing it might be infonod that ho supposes 
that it has escaped the attention of Dr. Faraday and Professor Wht .it- 
stone, as well as of tho Committee who made the Repoit, although,''as lit' 
States, " all electricians have seen it, and tho erUtenre of tlw sparl 
is trstVERSAiXY ADMirran,” I think that 1 cannot be excuscnl firom 
giving%t length the groonds of my opinion that he has totally misundur- 
stood the results of this common experiment 

Upon comparing Dr. O'Shaughnessy’s diagrams with the tlirectious lie 
has ^ven for conducting the experiment, it will bo obvious that lie Itoh 
omitted one part of the apparatus in use “ by increasing the mass of 
which,” as he very properly states, “ the success of each attempt at ol»- 
tsining the lateral spark will increase,” vis. the prime condurfor. From 
this it appears that he supposes his jar in contact with tho prime con¬ 
ductor, and the diagram should have been of this kind. 



* Conieqaentljr wo find in appealing to the eiLpenenoe of nearly a orniuty, that not a 
idn^^e ctBO can be adduced, in whidt a li^tniugSiorl in tho act of tranaiuitting a hoary 
ehotgo of lightniog, hoa thrown off a lateral explosion #n wni-uiBulatod nuuwea near it-* 
BanU m Tkmier Slomt, foge 201,—Es. * * 
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Here A represeftte the prime eondttctcm How, wfaen tbis of 
bodies is under ohaige we eon dist^ngw^ it into’ two p<Mrtba%^tbe' 
main ebarge, which is sustained by the glass placed between tite .m^a^c 
coatings of the jar, and 0 secondairy diaige, which is sustained by the 
air which is interposed between the pnine conductor and sunoundii^ 
objects, of whidi the metallic b^l c is onej the ball c is the opposite 
state with regard to A just as the outside coating of the jar is with^ 
regard to its inside coating. Upon the application of the discharging rod 
two simultaoeous discharges take {dace, the main diadbaxge, which 
is incomparably the greatest, which neutralize the two electricities 
upon the opposiie sides of the jar and a secondary discharge which 
places the prime conductor A in' equilibrio with c and other.ob¬ 
jects ^th which it is in communication. This secondary discharge 
wil4 therefore, obTiousty be proportioned to the size of the prime 
conductor, as Dr. O’Shaughnessy correctly states; and independent of 
the prime conductor itself, a very small portion of “ free" charge, as it has 
been called, or charge sustained by the air to surrounding objects will 
always be found upon one or other surface of a charged jar^ from which 
a wire and ball projects, as usual, beyond the coating. 

The circumstances, however, of an atmospheric charge can never resem¬ 
ble those of tire arrangement I have been endeavouring iq explain, and 
the conditions of a thunder-cloud and an equ|d area of the earth's sur¬ 
face with the interposed air, are exactly similar to the coatmgs (f the jar, 
and their interposed glass alone, without the possibility of any associated 
system of bodies at all resembling the prime conductor and the ball; 
such a secondary spark as that adduced by Dr. O'Shaughnessy. could not 
therefore ocour. 

Dr. O’Shaughnessy may possibly consider this explanation of “ah ex¬ 
periment which all Electricians have seen" as a Successful ap{dication 
of my “ ingenuity in placing the question in a less inteUigible pmnt 'c^ 
viewbut it is nevertheless one that has frequently been given by the 
first electricians, and is indeed obvious. 

In adverting to Mr. Snow Harris's conductors for ships, it is mach 
to be regretted that Dr. O’Shaughnessy diould not have referred to “ the 
evidence of feote derived from t^e experience of many years which proves 
the efficacy"* of his plan. Jt is My detailed in the Beport of the Com- 

- ' ' ' -r- .■ . . 

* JSee Note, pnge 30.<>-Efi. 
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nuttee, and J)r. Faraday observes he ‘'could not but a|>peal to the 
evidence of experi^oe; shij» fit^ with his conducUnrs bad been eiqDoe* 
ed to severe lightning, and the elechrieUy had been known to descend 
by them with perfect security to every thing on board, nor was there, so 
&r as he coidd l^m, any iustance on record of lateral explosion/'* 

With this evidence before him it is scarcely to be conceived that Dr. 
O’Shaughnessy could have expressed a wish that “his humble voiceooidd 
reach the Lords of the Admiralty" in diq)aragement of them, or that 
he should have ventured to insinuate that they were advocated by men 
who had “other than public interests at heart and pledged'Wcientific 
notions to maintain." 

I think that it would be a useless occupation of your time to^ enter 
upon any further discussion of Dr. O'Shaughnessy's opinions. The evi¬ 
dence is so complete, as published in the several Keports upon the subject 
that without regarding any difference of opinion between Dr, O’Shaugh- 
ixesssy and myself, the Chairman and Deputy Chairman and Court can 
have no didiculty in coming to a right decision upon this important 
question; and when I re<x)irect that the efficacy and safety of lightning 
conductors has been maintained from the times of Franklin, to our own 
times, by such men as Poisson, Dulong, Gay Lussac, Davy, Woolaston, 
Arago, Faraday, Wheatstone, and Snow Harris, and that no fact has been 
substantiated of any damage having arisen from such conductors of proper 
construction eit^r from lateral exploaon or otherwise, (all asserted in¬ 
stances to the contrary having invariably, like the accident to Dr. 
Goodeye's house, been disproved upon proper investigation), I cannot 
doubt that decision will be to direct the careful erection of sufficient con¬ 
ductors to all the magazines of powder throughout the Company’s domi¬ 
nions. ... 

, 1 need scarcely assure you that should the Chairman or Deputy Chair¬ 
man desire any further explanation upon the subject, it wUl give me the 


* la aH th« oum in vhioh dense ezploaicnn have been tnumnitted eonduoton i» 
the maste of the dupe, no lateral dieohatge has ocotund; yet they are very near a snooeialoQ. 
of metalllo bodiee; vit. eheavee and pins, fbnnel for tigging, iron-bound cape, eye bolta, 
chain dings, mast hoops and even the groat nuiiges of th^chaiu cables and water tanka.— 
Harrit on Thunder ditoms.—E d. 
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greatest pleasure to afford it, to the fa«^t of my ability, either personally 
or in writing, as they may require 

J. F. DANIELL. 

P. 8 .—In a letter from the Military Board to the Governor in Gbundl, 
I observe that a question is submitted as to the c&sc of a magazine 
situated upon a rock, to which I have no hesitation in replying that if a 
perfect communication were made between the conductors and the water 
in the excavated reservoir, that provision would be quite sufficient fw 
carrymg off the electric fluid. 

J. F. I). 


No. 10. 

Faofessor Daniell’s Letter to F. Melvill, Esq., supplementary 

TO THE PRECEDINO ONBL 

King’s College^ London, \5th June isll. 

My Dear Sir, —have looked over, and attentively considered, the 
additional collection of papers upon lightning conductors, dated Bengal, 
17th March 1841, which you have done me the honor to transmit^ and 
have found nothing to induce me to alter my Report of the 10th May. 

In Dr. O’Shaughnessy’s letter to Major DeBude, of the 30th December 
1840, be insists more strongly than ever—“ that every fact in the hbtoiy 
of lightning shows it to be aurfom of conductors and not mass, which 
is required for the safe conveyance of the electric discharge" 

This I have already pointed out, as a fundamental error which affects 
most of his reasoning upon the subject If there is one law of Elec¬ 
tricity better established than any other, it is that the conducting power 
of all bodies is directly as the square of the diameter of cylindrical rods, 
or as the area of the section, whatever the form may be. 

In erecting lightning conductors it would be a fatal mistake to rely 
upon the surface without regard to Uie thickness of the metal 

J. F: DANIELL. 



( 44 ) 


1 ^ 0 . 11 . 

* Pbof£ssor Faraday’s Rffly to Dr. O’Shaughkessy’s 

Second Report. 

To J. C. Melvill^ Rsq., Sectary f .<Sx. &c. ^c. Scut India ffoute. 

Royal InstUutwn, 9th Jwm 1841. 

Sib,—I have received your letter of the Snd instant^ and aim from 
Mr. Daniell the various papers it refers to. I have re-perused Dr. 
O’Shaughnossy’s first papers, and my Report of the date of 5th Septem¬ 
ber 1839, and have now read Mr. Daniell’s Report of the 24th August 
1899| and Dr. O’Shaughnessy’s farther communications and^remarka 
These, with the other papers, 1 have carefully considered, and as the 
general result, beg to say that 1 see no reason to alter even a word of 
my former Report 

2. In saying so mudi, perhaps, I say every thing that the Honorable 
Court of Directors desdre of me; for it is probably more the judgment 
of the individual, than the reasons for the judgment that is required. 
The latter it is almost impossible for any man to give fully, in a case 
where there are arguments and reasons on both sides of a question, for 
the bearings of these become almost infinite in number by reason of the 
variation in d^ree of force which they possess under varying circum- 
etaaces, and at last it is the discretion, experience tact and caution of 
•the person, which give to his opinion any wcnrth it may in reality possess. 

3. But as the present is a question which is referred hack to me, 
1 ought, perhaps; not to think it one in which the mere opinion without 
leoscms will suffice; and yet I find a difficulty in going further into 
the matter, for seeing and deeply regretting a particular tone and 
character which some parte of the communications have acquired, 1 am 
exceedingly anxious to keep mj^elf quite clear from it, and may per¬ 
haps find this rather difficult. However, in what I may further say, 
1 shall avdd referring to the opinions 1 agree with or differ from, as 
much as I can, yet, without withholding my own opinion on any of the 
important points -which are essential to the case and are intended by 

the Court to be submitted to me. 

/ * • 

There ate, I think, three points under which aU that is for contider- 
ation, may be arranged.. ^ 

Firei—Wliether a good lightning^ cuydmtor can cause a dUdmge 
where there would not he one otheiwise. 
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Second—Wh^hBTy wbm the dectrie JbM folk wpon a conductor, a 
pcai may not paw from U in the form of lakral dMaiye and 
occasion harm. 

Third. — Whether, at the moment the Hghitmg oondictor is struck^ 
it may, by induction upon the gwapowder casks Imed with cofpper or 
other mttakic masses within the magaeinc, cause sparks to pass be- 
ticeen them without any actual lateral passage of lightning from thA 
condibctor. 

As to the first, 1 have already said that I think a good conductor 
may, under certmn circumstances, cause an electric discharge to take 
plaoe where otherwise there might not be one; that in lact it can vir¬ 
tually attract the lightning. It is tb this quality that it owes much of 
its lAefulness, if it have any; for unless it could divert the discharge 
(within certain limits) from a plaoe where the lightning would otherwise 
have Men, the conductor would have no usa But that it should cause 
a discharge upon itself, and also at the same dme upon a neighbouring 
object, as in the given case of Dr. Qoodeve’s house, and that, not by a 
lateral discharge, is what 1 see no reason to expect either from principle, 
my experience, or such events as have come to my knowledge. 

It is said that Dr. Qoodeve saw the flash divide; part gding to his 
own house in (he vmmdah of which he stood, and part to the lightning 
conductor of the neighbouring housa When flashes occur so close to, and 
over a person taken unawares as in this case, it is exceedingly diflicult 
to distinguish exactly what takes place as to the direction of the electric 
fladb, for there are many remarkable and confusing effects that simul¬ 
taneously occur; stUl, admitting the division, 1 cannot but think the con¬ 
ductor acted as it ought to do, rather than as it ought not, and that there 
would have been a much hoarier explosion on Dr. Qoodeve’s house if the 
coudimtor had not in part averted it, though at the distance of 60 feet, 
than did occur under the existing dreumstanoes. 

The most important point however is, sword,—WhxlQwr when the 
deetric fluid folk upon a conductor a part may not pass from H im. 
the form of lateral discharge and thus cause harm. Before 1 make 
further remark upon this head, 1 must repeat the words 1 used in the 
former Report “ I have no i^ar of lateral discharge from a welt-ammg- 
ed conductor. As far as I^understand later^ discharge, it is always, a dis¬ 
charge from the conductor ftsoM'. It might be very serious from a 
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badly arranged eondnctor (and in fact makes them worse than nothing); 
bnt with a good lighiauDg rod it can be but small, and then not to 
badly conducting matter, as wood or stone, but only to neighbouring 
masses of good conduotmg matter, as the metals, which either ought 
not to be there, or if they are necessarily present ought to be in metallic 
cominunicatioa with the lightning conductor itsdf I am not aware that 
lateral discharge can take place wWdn, a building when a lightmng con* 
ductor outside is struck, except there be portions of metals as bells, wires, 
bolts, &C., which may form an interrupted (inducting train from the con¬ 
ductor to the interior/’ ^ 

That a lightning conductor well arranged as to its termination with 
the earth, especially if not of sufficient thickness, may give lateral dis¬ 
charge in the form of brushes and sparks, even when the quantity of 
electridty passing through it is not a thousandth part of that required 
for its fusion, or which the conductor could safely convey if alone, 1 can 
well believe and understand ; but for this to happen it requires an ar¬ 
rangement wiuch I have already protested against above. The effect, 
when it does occur, is due to the resistance which even the best con¬ 
ductor makes to the passage of the electric fluid, and will be under¬ 
stood if I briefly describe a few experiments which 1 have made for 
my own satisfaction. We cannot always, it is true, say that an ap¬ 
paratus accurately represents natural circumstances, for the two sides 
of a Leyden jar do not correctly re¬ 
semble the state of a doud and the earth: 
the conducting power and aggregation of 
the charged surfaces are different, and 
so is the state of the medium between 
them; but the genial principles are 
the same. In these experiments I used 
the mme spark of a large and good 
machine, employing no Leyden jtur. 

^ is the knob of a la:i^ prime con¬ 
ductor: B a metallic ball, 6 inches 
in diameter, the distance from it to il 
being variahlp between the limits of 4 ^ 

and 10 inches ; C and D were wires 
of copper, 40 feet in length, and each 




( 47 ) 


well connected at one of their ends with a large and extensive series of 
water-pipes W; one of them was ^ of an inch in diameter, and the 
other -jJjj- of an inch. 

When either of these was connected with the ball B and electric 
sparks passed from to JS, the electricity was conducted away perfectly 
by the wire; but when the end of the other J) was brought to within a 
small distance of C in any part between B and B a lateral spark passed 
from the conducting wire to the approximated wire at the same time that 
the pnncipal spark passed from A to B. The lateral spark was brighter and 
larger according as the part of the conducting wire fram which it was 
obtained was nearer to the ball B and further from the water-pipe; and 
this is an important point, for thd water-pipe here represents the earth 
in a frell-arranged lightning conductor. When the wire D was taken 
o|r from the water pipe and made fast to another set of pipes as its final 
discharger, still the same efiects occurred; when a person standing on the 
carpet of the room tried to draw this lateral spark from C by ippruxi- 
mating the knuckle, he could scarcely obtain any traces, unless he held 
tlie wire D in his hand, and then the badly-conducting matter of his 
hand could draw a very feeble spark. This lateral spark was still more 
beutifully shown to depend upon the resistance of the matter of the 
wire, by taking a piece of wire 0 about 10 or 12 feet long and making 
it fast on to C at JEf and then biin^ng the other end near at some part 
towards .B as at H; for a lateral spark passed at H, showing a certain 
division of the discharge through the two wires C and 0. When a similar 
wire M was brought near to the wire OaiK and at 1, not being in con¬ 
tact at either place, then every time the lightning flash passed between 
A and B a small spark pa^d from the principal to the secondary wire 
at I, and one from the latter back to the former at K. To complete this 
kind of observation the single wire G was removed, mid replaced by a 
bundle of fine parallel wires well connected at the two ends, and as 
their respective diameters were i, |, |, of an indi, they were together 
equal to a copper rod above one-third of an inch in diameter, and 40 
feet long, representing, not inaptly, a lightning rod of small thickness; 
still, when the flash passed between A and B, lateral sparks could 
he obtained from any, or all, of these wires at the parts towards the 
ball^. 
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1 (barged tiie discharger C which represente the lightning oonductin-, 
and made it to consist of a fine copper wire only ui inch in dia¬ 
meter. The same general effects were obtained, the lateral spark bmng, 
however, longer than befora I made the lightning distance from A to 
B vuey from 8 inches to 2 indies and took the lateral spark continually 
from a certain apot near B, i. e about 6 feet from it. The lateral {park 
was nearly half an inch long, and quite as long for the 2 inch light¬ 
ning spark as for the 4 inch or 8 inch lightning spark,—a result depend¬ 
ant on the drcumstance that the 2 inch spark, though containing less 
electricity, is a quicker spark than the 8 inch or longer one, being 
here concerned in a manner evident to an eleotridan. 

1 also made the lightning distance'a constant interval of f of an inch, 
and then compared the effects of a small spark from the conductor- only 
with those of a denser spark of a large jar, to illustrate the influence of 
quantity. The lateral spark was the same length in both cases, but much 
brightest when the jar was used than when only the conductor spark was 
employed. In all these experiments with the fine wire C, an excellent 
discharger was used for Z), (being a wire ^ of an inch in diameter) for 
the purpose of exalting the effects. 

That these lateral discharges were really due to the cause 1 have 
asrigned, namely, the resistance in the metal to the passage of the electric 
fluid, and not to induction directly from the machine, was shown by the 
following arrangement: a part of the wire about 1 was completely shel¬ 
tered from the effect of the machine by large uninsulated metallic plates, 
and yet the lateral spark could be. obtained, though not so bright as 
when the plates w^ away. In the latter case, inductive action and re¬ 
turn discharge were combined with lateral discharge. 

Here then are lateral discharges, and occasionally ffoin a rod, 40 fe^ 
in length, equal to ^ of an inch in diameter, well connected with a 
discharging system at the part representing the earth in a lightning 
rod; and that, when the electiirity sent through was cerhynly not a five 
thousandth part of that which the rod alone could have carried safely, 
AVliat then (it may very properly be asked) can justify our placing such 
an instrument as this, near a powder magazine ? 

In the first place, it may be replied that aU these striking instances 
of lateral discharge are obtained by using ^a good lateral conductor^ 
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having, in all tho cases but one, a good discharging tennioation wiUi 
the earth; and which, therefore, is itself a lightning conductor actmg 
conjointly with the priucipal one. In the next place, where it was 
not in connexion with the earth or conductor it was running parallel 
to it, and virtually connecting parts at different distances from each other 
on the lightning rod, and so showing its functioua In the next place, it 
is found, as has been stated, that the lateral discharge is always greatest 
near the top of the lightning conductor (or its represeutative,) and dimi¬ 
nishes to nothing towards tlie lower end ; and in the last place, even with 
the finest wire, and the most cxaggeratetl and best lateral conductor, the 
lateral spark contaiued but a small portion of the electricity of the prin¬ 
cipal or lightning spark. * 

Now, it is by diminishing or removing entirely the inflaence of all 
these circumstancos tliat a lightning conductor becomes a safe neighbour. 
It sliould coii.sist of a sufficient body of excellent conducting matter, and 
it is considered that in this respect a copper rod one inch in diainctor is 
enough; it should bo well connected by cop[)Or-plate,s with the moist 
ground or water j* it should rise highf above the building to be protected ; 
it should be placed near to it that, what directive infliience it has over 
the lightning may bo used in protecting the building; it shoffid not 
come nojir masses of mcl.al in the building, as a metal roof, or an iron 
column, or spout, or leaden pipe, or bell wires; or, if it docs, these should 


* Dam]) earth offers to the fulminating matter, which is ^wsing along a metallic bar, a 
chauiiol by wliich it escapes easily and without effort, without detonation and without pro¬ 
ducing any kind of damage, provided tho biu* plunges a little deeply into the earth. If the 
conductor goes down into earth only modemtely humid, and therefu^' only moderately 
permeable to fulminating elAnxes, it will be nocttasaiy fur the contact between them to 
extend through n eonsidcnible length. This length may be less if the ground remains 
strongly saturated with moisture throughout the year, and less still if tho conductor goes 
down to a naturcU sheet of water. The highly ueuesaary multiplication of the number of 
jioints by whidi tho fluid may flow,off into the ground, might Iw obtained by, as ir were 
spreading out the metal, bringing the lower port of the conducting bar, by the action of 
proper nuMdiiuery, into the fom of a wide plate, and tlius extending os much as possible the 
surface brought down into the'ground.—d^royo’s Meteorolug^ieal Essays.—En. 

t In France builders go up to 10 meftos (nearly 33 feet) and even only stop there on 
account of conddomtious connectei with solidity.— Thid. —Eo. 


8 
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be ipetalUcally connected* i«^h it, and should ^ihemselves not go near 
to other metaliic masscfe in the building and remain unconnedN with 
theia In fact, the principle is to make ail that may act as a Conductor, 
and which vjovM act if the lightning rod were not there, a part of the 
conductor; that no itdermptions may occur in the electric course; and 
to give this course a free discharge into the ground,—the stored powder 
and snch conducting masses being at the same time purposely separated 
from each other as far as they properly or conveniently can. 

As a geuei-al illustration, 1 may take l)r. (!l(>odove s house with its 
vertical window bolls, and SJiy, that if a good lightning condijctor were 
fixed in that house, and made to run parallel with the bolts at the 
distance of a foot or so, it is very possible, that, when lightning struck 
the conductor, it might discharge in part to tiio bolts and much harm 
might bo doue ; but if those bolts were in good metallic communication 
with the lightning rod, no harm wfuild bo done; and further, if the 
lightnitg rod were away, it Ls almost sure Uiat the bolts without them 
would be sUmck as in fact appeal’s to have been really the case; for 
I cannot think the striking was due either to lateral dlscliarge or the 
attractive iufiuouce of the lightning rod standing 60 feet off 

A question has arisen with regard to the surface and the moss of a 
lightning rod; in the present case the (jiiostion is of a mixed nature ; 
as a conductor, surface lias no iufiuence over the power of the lightning 
rod, and copper plates or ribbons may not be substituted for a copper 
rod of equal snperficoa The conducting ixnver is as the square of the 
diameter in round rods, or, in fact, directly as the sectional Jiroa, whatever 
the surface may be. A copper rod, an inch in diameter, is considered 
as sufficien!., the conclusion being the result of geueral observation ^of 
natural and experimental phenomena. Flashes of lightning, though very 
awful and exceedingly intense in action, have not so much quantity 
of electricity in them as many phenomena which continually pass un¬ 
observed before us, and frequently cannot fuze copper wires ^ of an inch 
in diameter or even such as are only ^ or of an inch thick. 

* Th« oulj safe practice la tu uuite all these various metallic iiiaascs 1)y ruda of iron or 
copper, or by bonds of lead, ainc, &c., ao that there may not be any one of them, vhidi 
plinii not be, if 1 may use tUe expression, in mi^lic comiuuaication with the bar which ia 
destined to transmit the fulmituvUug matter or^ghtuiug to thu chuup earth.— 
Meltorologkttl Etiayi. —Ki>. 
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But as every metal opposes resistance to the passage of electricity, and 
is, therefore, an imperfect conductor, so surface and the shape df that sur¬ 
face has an influence, and does to a certain extent afiect the lateral dis¬ 
charge. In fact, whilst the conductor, as our wire (7, (page 46) can give 
a lateral sparkj^^e electricity whidr can cause that spark, is, in rela¬ 
tion to external bodies, governed by the laws of statical electricity, 
and hence the influence of surface. Its effect,'; however, in a light¬ 
ning conductor, unless purposely exalted and sought for, can be but 
small. • 

Tlie third point is, whethffr at the momnt the lighlninfj conductor 
is struck, it may hy induction upon the gunimoder casks lined, mtk 
copper or other metallic mmes within the Magasine, cause sparks to 
pass between them withjout any actual latmal passage of lighUing 
fvom the conductor. Such a case would, according to my view, be a 
aise of returning stroke, and be distinct from lateral discharge; the 
principles of such a case are * 

easily illustrated. Suppose A 
a charged electrical surface, 
either tliat of a cloud or of a 
prime conductor; 21 a light¬ 
ning rod well arranged, and 
C a couple of metallic cases 
standing one on the other but 
separated by a sheet of paper, 
a cloth or a thin piece of wood. As the surface -1 bewmies charged posi¬ 
tively, (we will assume it to be so), the uppt:r end of the lightning rod B 
and the upper case C will becotnonegative by indiiotioii. Upon the dis¬ 
charge occurring to the lightning rod, the induction upon G would cease 
more or less, and it is possible that at tliat moment a spark should pass 
between the upper and lower metallic cases. But this can only happen if 
the cases G have been exposed to the induction of the cloud or machine as 
it rises in intensity, before tho spark passes; if they are protected from 
this, as I think they are most perfectly by being within a building and 
under a roof, then no case of this kind can occur. 

If the metallic case or other mass of good conducting matter be both 
exposed to the inductive *acti«u the charged surface, and also near 
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the lightDiug ix)d, as at E, then the effects of return and lateral dis¬ 
charge may be combined; for before the discharge on to the lightning 
rod, will become negative by induction, and at the moment of the 
discharge a lateral spark will pass from the conductor to it, to restore its 
state; a metal roof unconnected with the neighbouring conductor might 
present this case. These axe results very easily obtained with electrical 
apparatus and machines. 

I hasten to bring this letter or report to a conclusion. The whole 
question is whether such a low object as a pdwder magazine is safer 
with or without a lightning conductor. I cannot say that I hfeve had 
very much experience of very powerful thunder-storms, or such as may 
compare with those in India; but I know that in this country very low 
objects are struck, and, therefore, I should protect by a lightning rod 
such as I was very anxious to preserve. In place of increasing tJjo 
number of those around a building, I would rather incrca.so the height 
of the bno or two used by a few feet. The distance from the magazine 
I would make about, but not further tlmn, three feet. The other points 
mentioned in my former Report I would again beg to urge upon your 
attention. The water tank at Mazagon Powder Works would, in my 
opinion,. afford sufficient discharge, provided the communication of the 
lightning rod with it be made by metallie plates immersed in. the water. 

Wm. FARADAY. 


NOTE BY THE EDITOR. 


The Honorable Conrfc of Dirootora being eatisfied with the opiniuUH of ProfeaHora 
Fanulay and Daniell, directed in their Deapatch No. 64, dated 23r3 Juno, 1841, that 
all Magaiiines througliout India should at once be provided with lightning cnnductoi-s. 
From this time also. Hie discusKion of the subject of lightning conductors remained in 
alieyanoe until August 1844, when it. was again agitated in the following papers, Nos. 12,13, 
14,16 and 16, owing to ol^ectious raised by Captain FillaaB, Gommissaiy of Ordnance at 
Cawnpore, to attauhiug li gb^iing conductors to the Magazine at that station. 



( 58 ) 

No. 12. 

Lettek from the MttiTiRT Board to the Goverkor Genera! of 

Indu in Council 

Fort WUlvmj 3l8< December 184'4. 

Right Hon’blb Sir, —We do‘ourselves the honor of submitting to 
Government tlte transcript of a communication No. 134, dated on the 
27th June 1844, from Captain W. S. Pillans, at that time Commissary 
of Ordnance at Cawnporo; giving it as his opinion, that it would not 
bo expedient, for reasons stated, to attach lightning conductors to the 
Magazine at that station. * 

As \he points agitated by Captain Pillans, and concurred in by 
Captains Weller and Fraser (of the Engineers,) involved serious consi¬ 
derations, we deemed it most expedient to seek the opinion of Dr. W. B. 
O'Shaughiicssy on the (juestion, as an individual probably th% most 
conversant in India with the subject j and, accompanying, we beg to 
annex that gentleman’s Report, which enters most fully into the case, 
and comprises a most valuable and scientific paper on the points at issue. 

As respects the Cawnpore Magazine, Dr. O’Shaughnessy concurs with 
Captains Pillans, Weller, and Fraser, in considering it to be less 
exposed to risk without conductors, than if armed with them in the 
ordinary method and in the common number; but that there is still 
the etiual risk to which this Magazine is exposed in common with every 
equal surface; and he earnestly trusts that, to obviate this ^ang<jr and 
guard ettectually against the calamities it may lead to, the Board will 
adopt the simple and certain plan he has recommended, by which the 
Magfizine will be placed in a condition, in which, were it to be struck 
by lightning daily, still no disaster could ensue. 

Under those circumstances, we consider it would be advisable to 
suspend the furtlier application of conductors to Powder Magazines; 
and we venture to recommend, that the subject be fully investi¬ 
gated by a Committee of competently scientific persons. This Commit¬ 
tee should enquire into the facts and views advanced, and furnish a 
Repoit thereon to the Board, w]^o would transmit the same for the infor¬ 
mation of the Govemmeuli which would then, we conclude, be better 
enabled to decide on the question bf continuing, or definitively abandon- 
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ing the use of lightning conductors than from the conflicting opinions 
at present available. 

W. H. L. FRITH, Brigadier Go^maiuling, 

K BENSON, Lieuterumt-GoloiieL 
W. BURLTON, Lieutenant-Colonel 

No. 13. 

Letteb prom Captain Pillans, Commissary of Ordnancjs at Cawn- 

POBK, to THK SECttHTfABY MILITARY BOAIU). ^ 

Cawnpore Magazine Tdk June 1844. 

SiRj—Having been informed by Captain Weller, that he re¬ 
ceived orders to put up lightning conductors to the Powder Magazine, 
I beg leave to state, for the consideration of the Board, that the parti¬ 
cular locality of the Magazine, a very low building, surrounded by others 
much‘'higher, with a circular roof, and without any prominent point 
whatever, renders it comparatively safe from risk of being struck by 
lightning; and as forty years have in some degree proved this to be tho 
fact, I think it my duty to mention the circumstance to the Board, as it 
appears to me that as a conductor must also be an attractor of lightning, 
the point may be doubted as to the expe.liency of alteration to a build¬ 
ing particularly devoid of risk as it is at present. 

Both Captains Fraser and eller agree with me in this reasoning, 
as I think would also tho Board could they .see the situation of the 
buildmg. • 

W. S. PILLANS, Captain. 


No. 14. 

THIRD REPORT OF DR O’SHAUGHNESSY. 

To Captain Greene, 

Secretary to the MUitary Board. 

CalcvUa, tUh Auguat 1844. 

Sib, —I have now the honor to acknowledge the receipt of your letter 
of the 26th ultimo, which reached me qp the 1st instant, in which the 
Military Board are pleased to refer tOemy decision the doubts 
suggested by the Commissary of Ordhance at Cawnpore, concurred ''in 
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by Captains Weller and Fraser, of the Engineers, aa to the expediency 
of attaching lightning conductors to the Powder Magazine at that 
station. 

Those OlBScers are stated to be of opinion that, from certain advan¬ 
tages of situation, the attachment of conductors would, in this instance, 
be more likely to endanger than protect the Magazine. This is de¬ 
scribed as a low building surrounded by others much higher, with a 
circular roof, and without any prominent point whatever. They con¬ 
sider that as a conductor must also be an attractor of lichtnin", the 
point may be doubted a.s to the expediency of alteration to a building 
particularly devoid of risk as it is at present. They appeal to the 
evidence of the forty years wliich tliis Magazine has passed uuliarmed 
as a proof of the correctness of their opinions. 

.Participating in the doubts thus expressed, I have po.stponed a reply 
to tliis reference until some routine business was dispose<l of, in order 
that for the satisfaction of the Officers above-named, as a maik^ res¬ 
pect for the Military Board, and in vindication of the sentiments I have 
long entertained on this subject, I might be enabled to discuss it in 
detail, advancing adequate reasons for every opinion. 1 may be per¬ 
mitted to add too, that, since I last had the honor of addressing the 
Board regarding lightning conductors, much progress has been made 
in our knowledge of electrical phenomena. Mr. Hariis has published 
a work on “ Tliunihr Stovvas”* which, though containing erroneous 
views on this question, is nevertheless a very valuable repository of facts, 
well calculated for its elucidation. . 

1 should notice also the construction of the extraordinary Steam 
Electric Engine at the Loudon Polytechnic Institution, which the Direc¬ 
tors liberally permitted me to use in several experiments essential to the 
full satisfaction of every doubt on this subject. Lastly, personal dis¬ 
cussion of all its bearings with Messrs. Faraday, Wheatstone, Apjohn, 
Davy, Draper of New York, and Henry of Philadelphia; and its close 
experimental investigation in Dr. Davey's laboratory, and in his pre¬ 
sence ; all these circumstances enable me to present the following views 
regarding the protection of our Magazines, with a degree of confidence 

* From iriiioh lO many qnoUti^ 1 ut« been unde in both fore^ing and aubeequent 
Notes.—Eo. 
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almost equal to that experiosoed in the description of the unequivocal 
imilts of ft chemical experiment or enquiiy. 

I shall arrange this paper in the form of a commentary on the fol¬ 
lowing questions:— 

Can ordinary lightning conductors aMffod or ddermim discharges 
of lightning on themselves ? 

Are lightning condudors capable of exhausting silently the dec- 
tricity of the clouds so as to render them harmless ? 

Ill conveying discharges, do the best constructed condudtors invari- 
ahly eatry off in a harmless date all the electricity which falls upon 
them, or do they perm'd a portion of this matt&r to leave them and 
strike adjacent bodies? If so, under what circumstances is this most 
likely to occur ? 

y^hen lightning conductors convey an electric discharge to the 
earth, is the mere passage of this electricity capable of caus'i/ng electric 
adidit in adjacent metallic bodies and producing sparks hetioeen them ? 

Assuming all these questions replied to affirmalively, do we ^possess 
any means of certain and infallible protection for our Powder Ma- 
gaz’ines f^om the disastrous effects of I’lghtning ? 

That we have means of such protection perfectly within our reach 
I trust to Ije enable to prove ; and I now proceed to the discussion of 
these questions, premising that I claim for granted the identity of 
lightning with tlie discharge of the Loyden battery, a point conceded 
by Mr. Harris, whose opinions fall so frequently under discussion in the 
the subsc(|uent observations. 

Question 1st.—C an. ordinary lightning conductors attvact or de- 
termine lightning upon themselves, or are they mere passive channels 
far Us discharge ? 

While general opinion, founded on the evidence ci numerous well- 
authenticated facts,* inclines to the belief that the lightning con- 


* When this large maea of evidence ia duly oonddered, together with the fiwt, that light* 
ning strikes indiscriminately, trees, rocks, and buildings, and even the ground near them, 
wo are compelled to admit that the thunder tods of FranUin are perfectly precise in tiietr 
operations, and that the common notion, that they invite destruction to our buildings, is 
not warranted by any sound argument drawn from eq^terience.—iiorris an Tktmder 
jSKoms, foge 184.—Ed. 
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ductor attracts or determines the discharge upon itself, and thuroby 
draws it away from other objects, it is nevertheless contended by 
many eminent Electricians (especially by Mr. Harris and Professor 
Dauiell,) that the conductor is strictly passive, that it serves but 
as a channel of discharge, and corresponds exactly with a water¬ 
course or pipe by which a reservoir is emptied. This is a favorite 
illustration of Professor Daniell, and is used with much emphasis 
in hh special notices on this subject, and in his last work—“The 
Elements of Chemical Philosophy.”* 

On the other hand, there aro many Electiiciausf who believe, tlmt 
pointed conductors may determine upon themselves discharges of light- 
uiug, which uthurwisu would not ha^c fallen on the same spot. 

I proceed to review the evidence on which these opposite opinions 
ai;p based. 

The advocates of the doctrine of the passive state contend— 

\4 .—“The very great area of excited cloud and earth rendSrs the 
action of a mere point, such as a conductor, too insignificant to be 
regarded.” 

Slid. —Lightning, they state, often’ avoids such pointed bodies and 
passes in other directions. The instances arc adduced of Her Maje.sty’s 
ships Neptune, Soutka'mptm, Sapphire and Vangunird, and the Stcam- 
packet Dart ; close to which vessels lightning fell into the sea, although they 
were provided with conductors. Again, the case is prominently cited 
of lightning having struck the granite chimney of the Victualling I)(»- 
partineut at Plymouth, avoiding the con<luctor of the clock tower 300 
feet distant In the same storm tlie sheerdmlk was struck. It had a 
small motalUc wire, loading to the tup of a pole, serving as a top-mastt 
and this wire was connected below with large metallic chains attached 
to the mast and sheers. The whole were completely overtopj^ed by the 
adjacent spars of Her Majesty’s ship Cornwallia, fitted with conductors 
to each mast 

3rd—The Powerfid and the Asia, line-of-battie ships, were at anchor. 


* Seo also Harris ** cm Thunder Storms,” p. 178.—.Vuic, by Dr. CfShaughmty. 

t I’toftiMunt Vantday and Henry (of^ew JciHoy,) Mr. Stiu^goon, Mi. M.u'lyu Kubertn, the 
late Mr. Jtunus Prineep, &o.—.Vu(#6fy O’^utttijknuiy. 

0 
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near each other in Vourla Bay. The Fuwerfid, without a conductor, 
was struck; the Amt, which had coudnctors, escaped. 

4lh .—A tree, distant 62 feet from a conductor, was struck and 
shattered, while the conductor and house escaped, that is, “ the light¬ 
ning fell on a body having little or no attraction for it, and held out no 
invitation to it, in preference to one which did,”— (Harris, op. dt. 
No. 182,) Mr. Harris then states that it is comparatively a rare occur¬ 
rence for lightning to strike a conductor.*—(pp, 186-187.) 

BUt .—It is moreover advanced, on the authority of Franklin, Harris 
and others, that pointed metallic bodies “exhaust the electricity of 
the clouds and cause them to shrink back,” thus obviating the concen¬ 
trated explosion, which otherwise would probably ensue by the extension 
of the general mass towards the earth. Experiments are accordingly 
adduced in which flocks of cotton susjmded from the prime coiiductpr 
of a machino recede on the approximation of a metallic point; and Mr. 





• Here ie the passage alluded to “ Before quitting the subject of the absolnto protection 
from lightning affisrded by eonductars, the 'Naval Commission’ enquire, whether, accord¬ 
ing to Uie common prejudice, conductors hare the power of attraeting a flash of lightning, 
which, in their absence, would not have occurred; and thdr report states,' that the instanoes 
of accidents to ships vntimt eonditeUirt, and the comparatively rare ocewreiwt of light¬ 
ning being observed to shriktfma, conductor, would tend to negative such a suppositiou.’' 
They &rther consider, from the instances which were sahmitted to them, of ships wiHiout 
conduct(ws having been stradr by lightning, in the presenoe of ships famished with 
which were not so struck: that most complete evidence is aflbrded either of little 
influence exerted by sudt oondactors in inducing or attracting an explosive disohaig^ 
or of their efficacy in hotmlesBly and imperceptib*^ conveying away electricity to the 
water.”—El). ‘ 
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Hints dwells empliaiically on an experiment in which a balanced 
scale, from moving iieely on the knob of a charged Leyden jar, 
was reijelled, as it passed over a metallic point, connected with the outer 
coating of the jar—thus : 



Lastlyy the same writer states, that “ lightning has seldom if ever been - 
kpown to fall in an explosive form upon buildings involving pointed 
metallic conductors in their construction/’ 

Such is a fair epitome of the evidence on which Messrs. Haitis and 
Daniell deny that lightning conductors attract or determine discharges 
upon themselves. Let us examine the facts ^and arguments adduced in 
the order above given. \ ' ' 

Professor Daniell states, that “ the intense action which khes place 
between an electric cloud, of the extent perhaps of 1,00U acres, and an 
equal area of the earth’s surface, is much too extensive, to be materially 
diverted by the mere point which can' be erected on the latter, and 
which, as compared with the extent and disknq^fih the charged clouds, 
must be quite inconsiderable.” 

On this I have to observe, that however great or distant the cloud, 
there is abundant evidence that intense action does take place between. 
this doud and pointed metallic bodies on the surface of the earth. Of 
this the following facts afford sufficient proof 
In the series of conductors which the illustrious fieocaria erected on 
the Boyal Chateau of Turin, and in which a small interruption was 
derignedly made for observation, on the approach of thunder-storms, a 
torrent of bright sparks always mshed through the iutervala 
In the ever-memorable ]dte experiment of Franklin \ in its counter¬ 
part 1^ Dahbard; in those qf Messrs. Sturgeon, Weekes and Barry in . 
Qur own time;> in the desgih of Professor i^hman of St. Fetersburgh 
by lightning thus brought into hil study; in the tremendous lightning 
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explosions wibh which Mr. Crosse terrifies his neighbourhood, wlueh 
be manages at his pleasure; we have ample, familiar, and inesisUl^ 
prooi that, between electric clouds mid pointed m^iallic bodies mi the 
. earth, a powerful and repiprocal action takes place, an action ca|»ble of 
destroying life. Of igniting and exploding inflammable bodies, of effect¬ 
ing in short all the disasters which it is the object of this enquiry to 
guard against; and yet this is what Mr. Dauiell regards as too incon¬ 
siderable to be noticed. 

But where this action begins, there its increase is determined. This is 
most important, and I quote the words of Faraday iu its proof:—“ The 
emmenoement of the,act at ally point favors its continuance and, 
increase • • • portions of power Will be di^harged by a route which 
otherwise they would not have taken * • It is not the whole qu^tity 
that passes which determines the discharge, but merely the sm^l 
portion of force wluch brings the deciding molecule up to its maTminm 
tension) then, when its forces are subvmted and discharge begins, 
aU ike mt passes by the same rwU6."^Foinuday’s publishd cmres- 
pondmce, page 26. 

I have thoB shown, thsit action of great energy takes place between 
conductors on the earth.and clouds at ordiuaiy elevation, Mr. Faraday's 
unquestionable authority shows,- that where this action begins, tho rest 
of the discharge tends to follow. Let uS next recall to mind the phe¬ 
nomena of a tropical storm, with huge masses of electric cloud rolling 
along almost in contact with the earth, and involving our habitations in 
utter darkness, and we cm scarcely agree with Mr. Daniell in his opinion 
that the action of the conductor is too iusiguificant to be regarded. 

1 pass to the second position of.thl^ gentlemen, nmeiy, -that “ light¬ 
ning often avoids pointed ocmdui^rs and falls on ^jacont objectsj" a 
statement which seems totally inconsistent with the idea that pointed 
conductors attiact lightning upon themselves: nevertheless examination ' 
of the facts bdbre us leads to • a Cerent result, l^t us admit for a 
moment the existeuce of the disputed attractive powm in the con¬ 
ductor ; if it exists at idl, it . must, like other attractions, be infl y A nm i 
by &vorable or counterantiog qrcumstancea . Thus the attraction of .-a 
horse-dioO magnet for a piece of iroa is ^nost powerful in the direction 
of ihe axis of each limb; but the power diminj^ to nullity at a trifiiag 
an^ from this line. Thus with (he electric conductor. If placed 
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veitiGe^y bmeath aa excited body, the lecijmioal action ti^ee place fit»n 
ail immensely greater distance than when they are placed in an angnlai' 
position to each other. Let A (figure 1) be an excited doud.immedmtely 
above a condudcr B, on which an explosive discharge passes, say from 
1,000 feet distance. In figure % let be a doud approadung laterally; 
that the discharge will strike C at 1,000 feet soon^ than at half 
that distance is rendered in the high^t degree probable by the experi¬ 
ment subsequently detailed. 





Bnt a disturbing influence of far greater importance, both as regards 
this argument and its practical objects, exists in the action of rain 
faUing <xt tfte monmii; of the discharge. To this action, 1 have to solidt 
the especial attention of all interested in this enquiry, as it explains 
satisfactorily nearly every difficulty with which the subject is apparently 
beset 

When rain is Ming, there is at once estabUshed, between Ihe cloud 
and the earth, a multitude of interrupted conductoia Every drop of rain 
serves as a link in a chain of direct communication. By the quantity 
and surface of the liquid shower, all other conductors ate superseded in 
their aotioiL IDiis may be beautifully shown by experiment Let the 
inner coating of a Leyden battery be discharged over a piece of wet 
tape (fj ; this imy be passed throt^b a drde of pdnts in connexion with 
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tbe outer coatii^ withoQt these points receiving or diverting, the 


f 


Id our tropical storms, we witness the same occurrence on a scale of 
indescribable grandeur and sublimity. As the douds roll before the 
north-wester, who has not observed with admiration the lightning^ 
darting along the edges of the black masses of rain and vapour, em¬ 
broidering them with borders of fire. Let us suppose a rain and thunder 
squall thus advancing to a ship, however well provided with conductors, 
and who can wonder that, great as may be their attractive power, tfio 
flash [^rikes the sea, guided by the cloud and falling rain, before the 
shower reaches the mast of the vessel. 



I hold therefore, that in the instances of the ships named by Mr< 
Harris, before any conclusion can be derived from the occurrences in 
which they are concerned, whether in favor of, or adverse to, the exist¬ 
ence of this attractive power, there are other circumstances than the 
mere distance between the vessels or other objects to be taken into con¬ 
sideration. These are, whether rain is falling at the time, and the direc¬ 
tion of the wind is the guide of the raio. This is not specified in the 
cases before us, which are accordingly, in my opinion, inconclusive 
altogether as to the qu^ion now at isshe^r 
But there are other disturbing causes, whicji may entirely counteract 
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the agency of a conductor. There are many houses in India, one for 
instance of much notoriety at Midnapore, so frequently struck by 
lightning as to be occupied with constant apprehension, yet those houses 
are apparently situated, like macy others, at the same stations. We can¬ 
not tell the inscrutable cause which guides the meteor upon these devot¬ 
ed dwellings; but their being struck, although in the neighbourhood of 
conductors, could not disprove that those possess attractive power. 

With reference to the granite chimney in the Plymouth Yard, which 
was struck by lightning at a distance of 300 feet from the conductor of 
the clock tower, Mr. Harris omits to notice that the chimney being 
lined with soot, and in all probability filled with heated air and smoke, 
was itself an admirable conductor, one quite as likely to determine a 
discharge as an ordinary lightning rod. Is it not likely, too, that rain 
wjis falling at the time of the explosion ? 

Again, with reference to the tree which the same writer cites as 
having been struck by lightning within 50 feet of a couducto/which 
escaped ; the lightning “ thus falling upon a body which had little or no 
attraction for it,” I cannot but express my surprise that he should have 
overlooked the singularly, beautiful experiments by Mr. Pine, recorded 
'mSturgeon8 Annals of lilectricUy and in the Proceedings of tJiS 
Electrical Society of London. From these experiments it is obvious 
that many pointed living plants are as conductors or dischargers of elec¬ 
tricity quite equal in power to equal masses of metal, so that every 
argument which applies to conductors appertains to trees as well as to 
metallic rods. 

Mr. Harris next states, that it is comparatively a rare occurrence 
for lightning to strike conductors; yet his own valuable work supplies 
numerous instances of such occurrences,* and iu India it is such a com¬ 
mon event as to excite but little observation. 

1 now arrive at perhaps the most serious argument which Mr. Harris 
has 'advanced, one based on Franklin’s celebrated experiment on 

* E. M. Sh^ tmd Wmdutter, the New Toth Paehet, H. M. Ships JDryad, Druid, 
Ada, TtMot, Aetaeou. The Secisiagham Workhouee, Purfieel Magaaiw, &c. &e,-~-Note bg 
Dr. ffSkaughnmy. . 

Sir W. Snow Harris ? Sir Wm. Harris, however, points out how thoroughly the con- 
duotovs performed tiieir doty in tAl thwabuye instanoes, pages 170,171,172 and 178.—-itu. 
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cotton flocks suspended by a thread from the prime conductor of a 
machine. On presenting a metallic point, the flocks were exhausted 
of their electricity, and then receded to the prime conductor, and a 
scale pan balanced on the knob of a Leyden phial was in the same 
manner apparently repelled by a point in one of Mr.,Harris’s ex¬ 
periments. 

Were these experiments fair illustrations of what occurs in nature, 
we should be driven to conclude, not only that lightning rods have no 
attractive power, but that they actually repel the cloud. But attentive 
examination of the true indications of the experiment leads to a very 
different result. i 

The cotton flock is capable of receiving but a very minufs electric 
charge, which an approximated point immediately draws off, when the 
flock is at once attracted with great force to the prime conductor of the 
machine, so that the apparent repulsion from the point is in reality the 
effect df the attraction of the machine. 

But let us use any light body, say a balanced metal scale pan, capable 
of receiving a great charge of electricity, and thus supplied by a Ley¬ 
den jar. 

Let the pan be free to move horizontally and vertically, what is tlic 
result? The pan descends towards the.point beneath it till the dis¬ 
charge begins to take place, and then rises, heiiig apparently repelled. 
But close examination shows, that a rapid current of air is setting 
upwards from the metallic point, and it is this current of air impinging 
on the solid scale pan which forces it to recede. 

JExadly th same ejfect is produced by a heated metaUie point on an 
uneUdriJied ecak. Thus the experiment so Explained, and in a man¬ 
ner that no experimentalist can deny, proves literally nothing, either fur 
or against Mr. Harris’s opinions. But let us adinit, that a similar current 
of air must flow ffom the point of a lightning rod upon the cloud with 
which it is in electrical relation, the influence of such a current would 
not mtflve a feather at the height of a 100 feet, and even supposing 
it as powerful as a jet of high-pressure steam, and admitting It to reach 
the cloud, this being a body composed of independent molecules, each 
moveable without im^rting motion to it^fellow-partide, the current of 
air could merely open a space througb, th« ddlid equal to its own area of 
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contact) and produce no mcchatiical effect whatever on ^tUe rest of the 
vapour. 
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It thus appears to me that the facts and argilments advanced by 
Brofessor Daniell and Mr. Harris are not sufficient to disprove the 
general belief that lightning rods can attract or determine explosions 
upon themselvcS; on the contrary, it seems obvious, that as fhctallic 
rods have the power of commencing the discharge; as this commence¬ 
ment induces the rest to follow in the same route; as numerous dis¬ 
turbing causes may interfere with this determination and thus disguise 
its existence; as pointed conductors are struck witli a degree of fre¬ 
quency which seems impossible firom their mechanical smallness, unless 
they possess attractive power; we have even already sufficient evidence 
to justify our old belief. 

But as the question seemed one capable of decisive experimental 
illustration, several experiments were accordingly undertaken in the 
laboratories of the Royal Society of Dublin, of the College of Surgeons, 
and the London Polytechnic Institution, the results of which will, 1 trusty 
demonstrate that lightning conductors are not mere passive channels for 
electric discharges, but attract or determine these discharges upon them¬ 
selves, expr^ons which 1 deem to be of the same signifioition. 


Expebiments. 

The battery used consisted of 6 gallon jars, exposing in all 12 feet of 
coated surface, excited by a very powerful cylinder machine. The maxi¬ 
mum charge the battery received was indicated by 25° of the quadrant 
electrometer. * 

A brass ball A was so arfanged, jihat contact could be suddenly made 
by a discharger between this ball and the inner coating of the battery. 

.• / . 10 
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Beneath the hsdl A was adjusted a hiding brass rod in contact with the 
outer coating, which rod could be made to terminate at pleasure in a 
brass ball, (fig: 1,) or a steel needle, (fig: 2,) and the striking distance 
adjusted by a screw, in the stem of the d^ding rod. 





The battery being charged to 2'5° the striking distance to the boll h 
from A was found to be | of an inch. The ball h was now removed, 
and th;) steel point n substituted, and the experiment repeated several 
times, increasing the distance each time. The result was that the 
striking distance to the point was rather more than doubled in com* 
parison to that to the ball h. 

To imitate exactly the case of ships at sea, the outer coating was con* 
nected with a trough filled with sea-water, over which a circular disk 
of copper was suspended from a stand by which its distance &om tlie 
surface of the water could be adjusted. The striking distance to the 
water was ascertained by several experiments, tmd found to be rather 
more than an inch, with an electrometer charge of 25”, The discharge 
struck a differeut place almost every tima A. cork float with a needle 
was now placed on the water, and the above experiment repeated. 
It was invariably found that the explosion fell every time upon the 
needle, and very nearly at double the distance it did to the water surface. 
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I submit that those experiments prove that a plane, spherics^, metallic, 
or water sar&ce, may be in perfect safety, that is, not liable to discharges 
of lightning from a doud at a given distance, say 1,000 feet, while a 
pointed metallic condnotor will certainly determine an explosion upon 
itself at double the distance above given, say 2,000 feet 

2nd.—That a solitary ship at sea, provided with conductors, will, in a 
thunderstorm, if no rain be falling, be struck at double the distance at 
which she would be liable to explosion without conductors. 

3rd.—Consequently, as all other circumstances are alike, and the pre¬ 
sence or absence of the pointed conductor the only difference in the 
above experiments and illustrations, it is to the presence of this conduc¬ 
tor the discharge is due; that the discharge is caused by the mutual 
inductive action between the bar and the doud; in tine, that this bar 
determines the explosion upon itself^ or attracts the lightning whidi 
otherwise would either have remained undischarged or fallen on some 
other object • 

The universal law of the equality of action and redaction renders it 
impossible to conceive, that a metallic bar should remain unexcited in 
the vicinity of an electric doud, nor can we conceive the occurrence of 
an electric discharge, till the object receiving it on the earth’s surface 
has become exdted in due proportion to the state of excitement in the 
cloud This being granted, how can we any longer regard the conduc¬ 
tor as a passive channel, a thing on which the lightning falls by chance. 
The doctrine Is fatal to the very uses to which its advocates suppose 
conductors are applicabla They either attract the discharge upon 
themselves, or they do not If they do not, their use or value must be 
limited to the spot they occupy, a reducHo ad ahsurdum, which the 
anti-attraction reasoners would scarcely stand by, and which may be 
thus fairly stated: —" No action takes place in the rod: it is entirely pas¬ 
sive : its transverse sectioual area is one superficial inch, and it is placed 
as a protector to an area of 20 feet by 30 feet or 600 superficial feet: 
the chances of the rod not being struck by lightning are as 86,400 to 1. 

In very recent papers, there seems an admission, that there is attraction 
within short distances, but that this becomes insensible at a greater 
distance, and 60 feet appears t%be the maximum amount of this conces¬ 
sion. But all the facts comt)iDe to prove that the only limit of attraction 
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is the di^ncc at which induction commenoeB, that is, at which an nteo* 
trio doud causes a bar to show any manifestation of excitement. 

It remains then to enquire, whether the vidtations of lightmng which 
we draw down by our conductors are free from, fraught with, danger, 
especially to our Powder Magazines. 

Question 2nd. —Are lightning condtictorB capable of exhauativ^ 
silendy the electricity of the doude, so as to render them harmlesst and 
thus avert explosions of lightning ? 

There can be no doubt that, when electric douds form slowly and 
when the quantity of electridty is moderate, well-constructed conduc¬ 
tors may draw off in silence the entire of the electric mattet they 
contain, and thus obviate all danger from lightning. Thus, in temperate 
latitudes, thunder-douds have frequently been seen to disperse on ap¬ 
proaching an electric kite or other good conductor. 

But this salutary power is restricted within a very limited drde. Let 
the thtLnder-cloud approach rapidly^ let its area be very great, let the 
quantity of electricity be of that prodigious amount we witness m 
Indian storms, and then the exhausting power of the metallic rod is 
indeed too insignificant to bo seriously regarded as a means of averting 
explosive discharges. 

A series of experiments were made with the madiine and battery above 
described, to obtain some data on this point. 

The outer coating of the battery terminated in a thick copper wire 
ending in a fine steel point, which was brought within 3 inches of the 
brass ball by which the battery was charged. To communicate the 
maximum charge of 25° with the needle at this distance required 
2 minutes 40 seconds, being one-fifth longer than was requisite to charge 
the battery to the same amount when the conductor was away. 


D 
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In this experiment, a circumstance occurs, which would midead an 
inexperienced eleotridan. The index of the electrometer does not rise 
so long as the needle is presented, but on this being removed, it instantly 
springs up and indicates the charge received. 

Assuming with Mr. Harris the identity of the relations of the thun¬ 
der-cloud and earth with those of the inner and out^ coatings of the 
Leyden battery, it appears from the above experiment, that the number 
of lightning rods usually provided for a mansion or public building in 
India can exercise but a very trivial force in diminishmg the accumulation . 
of electricity or in preventing disasters from its discharge 

For if one perfectly constructed conductor within 3 inches of the 
oppositely charged ball abstracts one-fifth of the electricity the inner 
coating receives from the machine, 5 such conductors would be required 
to prevent any accumulation in the same surface, vis.: 12 feet Thus 
to prevent or exhaust all charge in a doud of one superiidal acre (a 
square of 70 yards each way) 18,150 conductors would l)e required. 

Questions <3 & 4—3. In cmv&png discharges of lightning do the 
best constrvLcted conductors invariably carry off, in a harmless sUite, 
all d&stric matter vlhich falls upon them, or do they permit a jporrion 
of this matter to leave them and striJee adjacent bodies ? 

4 When lightning conductors convey all the electric discharge 
to the earth, is the mere passage of this electricity capahle of causing 
dectric action in adjacent bodies and producing sparks between them ? 

Although both those questions admit of brief, direct, and unequivocal 
replies in the affirmative, nevertheless the singular opinions advanced 
on this point by Mr. Harris compel mo to discuss them at some length 
and to submit to the Military Board a statement of facts derived from 
experiment and from, the examination of the effects actually produced 
by lightning, which must remove all doubts on the subject from every 
unprejudiced enquirer. 

Let us first hear tiie opinions of the distinguished writers alluded to. 

Prof: Daniell says—" No discharge will take place from a metallic con¬ 
ductor to any neighbouring body, unless it be msufficient in itself to 
conduct the whole of the discharge, or unless the body in its vicinity 
be a better conductor than itself." 

Mr. Harris says (Op. oU. ^ 195.)—“If lightning rods are liable to 
produce lateral exploriuns upon surrounding bodies, then there is not a 
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Powder Ifagazine in Europe armed with euch rods which, upon being 
struck lightning, would not either be blown up or damaged; but this 
at least we have shown has never been the case." 

The melting of the conductor is considered by Mr. Daniellasthe 
limit of its capacity for conveying away discharges of lightning; that 
is, unless the flash melts the conductor, this must be sufficient to cony 
it away in safety and to prevent lateral explosion. 

Now numerous experiments and natural facts are recorded which 
prove directly that under many and common circumstances, electric 
sparks, or flashes, do occur from perfectly constructed conductors to 
metallic bodies in their vicinity. It is unimportant with.reference to 

ft 

the real and grave objects of this enquiry to enter upon speculations 
as to the nature of those discharges; equally trivial is it to dispute 
about the name we should apply to them. It is the simple fact of tbejr 
occurrence and the circumstances under which they take place which 
should seriously engage our attention. 

I proceed accordingly to specify the various kinds of flariies which 
experiment and experience prove the occurrence of during the trans- 
raisrion of lightning through well-constructed coiffiuctors, of such size, 
that they can carry off the heaviest explorions without fusion,—such 
flashes may be classified under two heads. 

Those from the conductor itself to adjacent objects, 

Those which occur among adjacent bodies without any explosion 
from the conductor itself. 

Experiiient. 

Let A he a, battery, b its outer coating, c a large brass conductor con¬ 
nected with h by metal and capable of transmitting without fusion the 
discharge of a battery of much greater size. If a metallic body d, such 
as a gun, a pile of shot, shelly copper, powder barrels, &c., be placed near 
c on the ground or on a boarded floor, at every discharge of the battery, 
a vivid spark will pass from c to d 
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The larger the mass of metal at d and the greater the battery charge 
the larger and more yivid is this spark or flash ; and even when pro¬ 
duced by a single quart jar, it is capable of inflaming gunpowder, and 
will pass through a wooden partition one-third of an inch tbi(^, leaving 
no trace of its passage on the wood. The shot or gun or other metallic 
mass may be connected with the ground or even by a long metallic 
circuit with the conductor, and still this flash will omir. 

The fact now described is admitted by Mr. Faraday and also by Mr. Har¬ 
ris, but it is on its proper name that Mr. Hams concentrates his attention 
and turns the discusaon. He says it is not to be designated lateral 
flash " it should be called division of charge.^' Mr. Faraday also prefers 
this name, and ascribes the occurrehce to “ resistance'^ in the bar. Mr. 
DanifiU attributes it to a supposed and peculiar arrangement of the 
experiment in which the metal receiving this spark is placed so as to 
receive it not from the battery but the prime conductor of the machine. 
I have only to reply that 1 look upon the name of this flash as a*matter 
of no importance whatever: as to Mr. Darnell's mode of explaining it^ it 
is sufficient to observe that the machine in my experiments was entirely 
separated from the battery, and several feet away from it and from the 
conductor. The /act then is what we have to look to, and it constitutes 
the experimental proof of all 1 have ever contended for, namely, that 
“ lightning conductors as usually applied and kowev&r well conr 
structed cannot prevent flashes proceeding from them to other adjacent 
bodies, especially if those be metallic, and aWiough separated by wood, 
masonry, or otiter imperfect conductors.'* 

I proceed to describe an instance of this occurrence in nature, sufficient 
in itself to prove all we contend for. It is the history of the aoddent 
which occurred by lightning to the magnificent cathedral of Strasburgh 
so lately as the 10th of July 1843. The account is coudeiLsed from the 
original paper by Mr. Fargeand, published in the Comptes Rendus of 
the French Institute of the 7th August 1843, No. 6, p. 254, and 
translated in the Electrical Magazine, p. 173. 

The noble spire of this cathedral is the highest structure in the world, 
being 474 feet high, 24 feet loftier than the Pyramid of Cheops, 140 
feet higher than St. Paul’s in jjondon. It is protected by a vertical iron 
bar two inches thick, pointed with platinum, placed on the summit of the 
spire. From this bar proceed four others, each two inches wide and 
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halC an incli thick. These descend the spire equi-distant from each other 
till they unite in a circle at the base of the tower anii roof of the 
church. They are here united with the immense copper roof, and from 
the metallic circle three bars descend along the tower to wells 33 feet 
deep. Close to one of those wells, but separated from it by a passage six 
feet wide, is the back of a tin-man's shop. The well in the driest wea¬ 
ther contains at least 3 feet of water. In those wells the conductors 
terminate in sharp copper bars. In short, all the metallic components 
of this unrivalled edifice arc connected together with a system of con¬ 
ductors as perfectly arranged as profound science and architectural skill 
could dictata < 

On Monday, the 10th July, 1843, a violent thunderstonn burst over 
Strasburgli, and the spire was twice struck by lightning, with an in¬ 
terval of but one minute between the ilashea 
The watchman stationed at the telegraph on the tower, two-thirds of 
the way up the spire, saw a luminous train rushing along the conductor 
from the top of the spire to the platform which concealed its further 
course from his view. At this moment occurrences took place in the tin¬ 
man's shop, 6 feet from the next conductor, which deserve the closest 
examination. 

« 

There were seven or eight persons in the shop; a considerable number 
of tin and zinc vessels ranged along its sides and in the loft; tliere were 
long bars of iron resting against the wall of the shop in the corner 
next the conductor of the church. At the moment of the explosion' all 
the persons present saw a flash of lightning which apparently entered 
by the door which opens on the place, passed between the legs of tho 
persons in the shop, and burst in a great flame against the bars of iron 
placed against the wall. In barely one minute after the first explosion 
a second occurred with precisely the same result 
There is a passage 6 feet wide between the back of the tin-man's 
shop and the wall of the cathedral. In this passage, between the coii- 
ductor and the rear of the shop was a heap of lead and copper weigh¬ 
ing about two tona Whether the lead touched the conductor or 
not is not known. The lead and copper were moreover close to 
the part of the wall of the tin-shop against which the iron bats were 
placed. , 

I give a coarse diagram of the spire an^ shop, and proceed to quote 
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the important words of Mr. Fargeand, b||r whom tiie conductors had been 
erected eight years'before. 



(The dotted line in the du^am shows the places where the lightning 
wa.s seen; e c the line of the conductor to the well w; t the tin-man's 
shop ; I the heap of lead between the wall of this and the next con¬ 
ductor.) 

Mr. Fargeand says—“ Very probably some of the sheets of lead touched 
the conductor; but it was impossible for us to verify the fact On our ar¬ 
rival the workmen had already removed a considerable portion in order 
to clear the mouth of the well. Admitting this contact we see that this 
great surface of extraneous metal had the power of drawing off a por¬ 
tion of the current from its original direction and directing it towards 
the most vicinal exterior conductora The masses of tin, zinc, and iron 
which crowded the work-shop and the loft above favored this deviation." 

“ If contact did not take place we must suppose that at the moment 
before the explorion, all the conductors vicinal to the lightning rod, 
but not connected with it, were electrized by induction. When the ex¬ 
plosion occurred, a true return shock must have been produced in a locality 
{weviously prepared, so to speak, in tlie best possitde manner for a pheno¬ 
menon of this kind. Furtheil^ while attaching some degree of impor¬ 
tance to the direction of die fluid, we ’noed not trouble ourselves about 
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tha direction in which lome persons say i^ey saw it travel: we know 
how very easy it is to be deceived on this point ’*—Vide “ SUdriooi 
Magazine,” p. 173. 

. I earnestly pray that this event may be regarded in its proper light, 
as a demcmstratiom of the calamities to which we expose oarselves by 
placing gunpowder or other explodve substances among masses of metal 
in the vicinity of ordinary conductors, however well constructed or ap¬ 
plied. Had the tin-man’s shop been a Powder Magazine containing powder 
barrels lined with copper, can there ejcist much doubt that it must have 
been exploded by those flashes although within 6 feet of a perfect 
conductor with a wall intervening? Whether the flashes seen in the shop 
came &om or struck towards the conductor, whether we term them “ sub- 

I 

divided,” “ lateral,” “ return,” &a, the fact, the conclusive warning fact, 
that they occurred close to an admirable conductor, and were occasioned 
by this conductor is beyond all cavil and misinterpretation. 

The^ incident, moreover, fuimishes us with another valuable lesson; 
within the tower no such phenomena took place, because it was sur¬ 
rounded by metallic branch^, within which no secondary flashes of any 
kind could occur. How this fact may be applied for the perfect prutec- 
tion of our Magazines will be shown in the sequel of this letter; 

Under the head of direct fladies from conductors, I have next to 
consider one which has hitherto attracted no notice from the eminent 
writers who have recently discuased this subject; nevertheless, it is one 
of the highest practical importance, and likely to lead to most disastrous 
resulta Its nature will be understood by reference to the annexed 
figure. 


1 d 
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a, outer coating of battery, with thick copper wire, dipping into cistern 
of water d: b, inner coating discharging*on conductor standing in the 
ditem. , c 

Qn discharging h through e if the charge be 25** of quadrant electro- 
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meter, battery surface 12 feet, at each discharge a loight zig-zag flash 
passes with a loud explosion from c to a over the surface of the water. 

Hie same occurs if the conductor be placed in a box of damp soili 
and the more wet this be, the more effectually and certainly does the 
discharge pass along the surface of the soil. 

Weak charges under 20** (quadrant electrometer,) or from sur&ces much 
below 12 feet, pass silently through the water or soil only occasioning a 
mere faint spark and hissmg sound. 

Let us apply this experiment to the case of a Powder Magazine with 
the usual conductors applied a foot from the wall and led into a well 
or simply inserted into the ground. 


./iSpfcV'' ^.r 


I'a 



I do not entertain the least doubt but that a flash striking a would 
leave the conductor or sub-divide at the water level and strike at the 
powder barrels and shells in the Magazine. The case of the Strasburgh 
tin-shop sufficiently shows that the intervention of a wail is not a screen 
impenetrable to electric action. 

The remarkable fact of lightnmg leaving the conductor as a flash 
on the surface of the water led the way to further experiments, the 
results of which are considered in some degree novel and ipiportant by 
the eminent men to whom I had the pleasure of exhibiting them in 
Dublin and London. 

When lightning strikes a dry metal conductor, it ceases to be visible 
from the place it strikes, till it is lost in the earth, and while thus latent 
and invisible in the bar, this may be grasped in the hand and the 
most violent discharge be scarcely felt Butin the experiments 1 allude to, 
I found to my surprise that a discharge foiUs on a wet conductor, 
it passes on the surface as a zig-zag explosive flasli. 



ft—outer coating, 
i— inner ditto, 
c—large brass ball on 
a glass jar. 

d —a strip of tin-foil. 

When the Un-foil is dry^ the explosion is absorbed at Uie ball c and is 
seen ho further; when the tin-foil is wet, the explosion runs along its sur¬ 
face as a bright zig-zag flash. 

Mr. Harris, adverting to the luniinous appearances sometimes noticed 
on conductors, gives his opinion that “ it is a sort of glow of a perfectly 
harmless nature, and may be classed with the phosphorescent flashes 
attenilant on the aurora borealis, or with the streaming of ordinary 
electricity in the receiver of an air-pump," (page 191.) It was easy to 
disprove this opinion and to show that this flash is not mere phos¬ 
phorescence but the actual explosive discharge. By placing the tin-foil 
hoiizontally and sprinkling its surface with detonating powder, while 
the metal was dry, this powder was uuafiected by the discharge; but 
when the tin-foil was moistened and then sprinkled with the powder, 
this was exploded at every discharge. 

These experiments were repeated until we brought them entirely 
under control and showed them at pleasure. The applications of the 
fact seem to me to be of no little interest 

It explains the popular statements so . often made, and denied by 
electricians generally, of l^htning being seen to descend conductors, to 
play on iron roo&, to run down ship masts, to follow the track of 
railways, &c. 

It lends support to the muoh ridiculed belief, that it is the surface 
not the transverse sectional area of a conductor which lightning dis¬ 
charges pursue. It exhibits in the most unequivocal light the objec¬ 
tionable character of the conductors which Mr. Harris has induced the 
Admiralty to inlay in the lower masts of our men-o^-wwr, leading them 
through the sh^ s hull to the kelson and^noe to the copper sheathing. 
Mr. Harris convinced himself and the ^ AdiSniralty that this plan was 
safe by experiments he performed on dry conductors led through loose 
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•gunpowder and which coiive 3 ^ed discharges, with safeij. Had he used 
wt conductors, like those of a ship while rain is falling, and had he 
employed a sufficiently large battery, he would have obtained very 
different results. 

A natural niustration of my statement occurred this year, at the 
Government Iron Bridge Works at Alipore. The chimney is provided 
with a conductor most carefully constructed, and standing at about a 
foot distance from the chimney, supported by teak brackets. The con¬ 
ductor was struck by Hghtaing during a heavy shower, and the whole 
of the brackets were reduced to masses of blaek charcoal by the light¬ 
ning. Official details of this remarkable occurrence are doubtless already 
before the Board.* * 



Reverting to Mr. Harris’s ship conductors, it happens fortunately 
that the Powder Magazines of our men-of-war are perfectly lightning 
proof, independently, or indeed despil^ of Mr. Harris’s conductors. 
They are all lifed with copper, and within this it is not possible that 
any explosion can penetrate. This very important fact is passed over 
in perfect silence by Mr. Harris ; and is especially overlooked, when 
he argues with much triumph that no ship provided with his conductors 
' has ever been blown up by lightning. I gladly bear testimony to the 
value of his inlaid conductors, for the protection of the spars and crew as 
far down as tbe caps of the lower masts ; thence the system of 
metal should be discontinued and a path opened for the electric fluid 
•by wire ropes led along tbe standing rigging, over the, ships' sides to 
the cluuDB and bolted to the copper sheathing. 

Indeed the dictates of common prudence have recently induced the 
Admiralty to sanction this vmy mportant modification of Harris’s 
conductors, and accorffingly the Queen, of 120 guns, which 1 latMy 
visited in Malta, has wire ra{>e conductors led from the caps of the 
lower masts over the ship’i sides and secured to the copper externally 
as above described. * 

' No rocoinl 9 ^this aosident can be traced.—£x>. 
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2. Of spourfes or jUuihe» whidioccmcmongmtKxMiobodiesnearei' 
conductor eomeying am dedric dAsdmgs withovi any direct eaploaive 
eommunioaUon bdioeentks conductor aTid ikoee bodies. 4 

There are at least three cases in which metallic bodies in the vicinity 
of a conductor transmitting a discharge are likely to emit sparks or 
flashes capable of igniting gunpowder and other very inflammable 
substances. 

A conductor cannot transmit a discharge, however feeble, without 
disturbing the electric state of all adjacent conducting bodies, thus at 
each discharge through c, d is affected. T * 


c 


This l!8 proved, by leading wires from each end of d so as to termi¬ 
nate near each other at + In this interval a bright spark is seen at 
every discharge through the conductor. 


i 

f 

1 



c 

d 

< 



J 


I ■ 

L- 

■•1 

J , 


With a battery of but one foot of surface this induced secondary dis< 
charge occurs in <2 at a distance of 4 inches from c. It takes place when 
the bars are separated by wood, porcelain. Or glass. It will not occur if 
the bars be at right angles to each other; but it is seen at all angles less 
than 45” It requires but two inches of each bar to be in the same line. * 
^e ^psA ignites gunpowder. A large metallic screen between c and d 
prevents the occurrence of the spark. These beautiful experiments are 
due to Professor Henry, of Princeton, New Jersey, and were published 
in 18S9. In June 1843, on a visit to Princeton, 1 had the pleasure of 
meetmg Professor Henry, who then showed me an arrangement of ex¬ 
tras simplicity by which these second^peffects are produced when two 
wires are at ov« two hundred yards distance, and another, by which 
every flasl;. of' lightnmg which passes ifl,. a distuit thunder-storm 
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magnetizes needles in lus study liy the induction of this secondary 
dischaige. 

As to the nature of those sparks Professor Henry saysThe sparks 
in the two last expenments are evidently due to the action known in 
ordinary electricity by the name of the latoral discharge/' (Tratmet. 
oj the ATTUricm PhU. 8oe. vol S.) Extending Professor Henry's experi* 
ments, it is found that a series of metallic bodies placed nde by side 
give sparks to each other under the influence of this inductive excite¬ 
ment ; applying this case to Powder Magazines, it seems obvious that 
sparks axe liable to occur between the copper linings of the powder 
barrels, thus— 

I 

- ' / 
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1 shall nouble the Board with but one instance more of spaiks of 
thih kind; but it is one of importance, as it illustrates very closely what 
ocgiis on the surface of the eaith dining a discharge of lightning 

T " .V 
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Let w le a water vessel placed at a considerable distance from thebat- 
tery, but laving a metallic communication with the conductor; and f f be 
metallic bidies adjacent to each other and one communicating with the 
water. At every dischaige at the battery th^ is a vivid spark B,i 11 ; 
there maybe several alten^tions of water in communication with the 
outer suifice, and between all the^ and adjacent metallic bodies sparks 
occur at e^ery primary discharge; we have here again <very^ condition 
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for occurrence of flakes between the powder barrele, on the passage 
of a lightning disdu^ge on a conductor outside the Magazine. 

1 have thtu enumerated several oases in which a conductor conveying 
a discharge is likefy to cause the explosion of gunpowder placdl in its 
vidnityl Exp^ment estaldishes that in every one pf those cases, the 
secondary flashes are increased by the proximity of the conductor and 
the quantity of. the primary or lightning discharga Thus far we have 
had to deal with facts and experiments, simple, decisive, and un< 
deniable, but I have still to meet the statement of the eminent writer 
so often quoted, by which he maintains that all such facts and experi¬ 
ments are set aside. Were these thus applicable, he contends tliflt every 
ship and every Powder Magazine supplied by conductors must, if struck, 
have been exploded by lightning, which experience has shown not to 
have been the case. 

I have already explained the cause of this escape in the case of 
ships of war, the magazines of which are UmA with copper. As to 
Magazines on shore, it is not to temperate but to tropical coiiutries we 
should look for decisive facts. For forty years and more have ear Maga¬ 
zines in India been unprovided with conductors, and none kave been 
exploded, although in a single season exposed to at least sbc-fold the 
number of stonAs which occur in London, Paris, Leyden, $t Peters* 
burgh, Athens,* &c., and each of our Indian storms in the mean number 
of discharges surpasses at least ten fold the mean of the storms h northern 
countries; yet in this long period but two buddings, (and those not 
Magazines); one an Ordnance Laboratory at Dum-Dum, one i Coruiug- 
house at the< Powder Works at Mmgon, have been blown up by light¬ 
ning. But those houses were not Magazines; the powder was loose, and 
they, contained numerous irregularly shaped metallic masses. 

Many of the Magazines in Europe, again, have their jconductora 
placed at a considerable distance from the building. 1 mafr mention 
that the Pigeon House Arsenal in Dublin Bay, which has one conductor 
on a mast at a distance ^ich I should estimate at about ten feet: and 

I * 

the Magazine at Borne, dose to the English Burial Ground, which has 
four obndnctmrs, supported* by masonry piUars at a distance which 1 
should reekem as about sixteen ftot, which was also the estimate of the 
sdgeant ol the Artillery Guard on duty ,at the building. 

* Sm Aitfo" Siirh) TaaacMie^ p. 413. 
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The copper linings, now so generally used for powder barrels, are a 
great security in themselves; and if powder dust could be excluded, and 
the mechanical effects of lightning on the walls obviated, it would be 
quite sufficient protection against all the dangers we have specified. 

For these reasons I look upon Mr. Harris’s argument founded on 
experience as inconclusive. Had he the evidence of forty years in Bengal, 
with our numerous Magazines provided with ordinary conductors, L 
believe the result would be very different, and that it would present 
an awful list of calamities rashly provoked by over confidence in the 
indications of a still infant science, one daily and hourly enriched by 
the contributions of discovery or the rectifications of error, one which 
it is presumptuous to regard as an exhausted field in any one of the 
numerous departments it opens to investigation. 

As far then as we have proceeded with this enquiry it appears that by 
the ei*ection of ordinary conductors, we multiply the chances of visita¬ 
tions of lightning, and that these visits are prolific of danger ^ our 
Magazines. It now ouly remains to enquire, whether there exists any 
moans of infallible protection by which these repositories can be guard¬ 
ed against the risk, to which, if unarmed, they are exposed in common 
with every equal area of the earth’s surface. 

Question 6th. —Do we possess a/ny means lyy which we may 
afford infallible protection to Powder Magazines ayainst lighlniny 
ea^losions ? 

Notwithstanding the conclusions thus arrived at, it is consolatory to 
reflect that the means of ensuring safety are still obviously within our reach. 

It is well known that we may discharge the most powerful batteries 
on a metal powder flask without the slightest danger to its contents; 
shells of the thinnest copper charged with percussion powder may be 
placed with equal safety in the circuit of the most violent artificial 
explosions. It is impossible to kill a bird in a wire cage by the electric 
fluid; even wetting the skin, as in Franklin’s amusing experiment with 
a wet rat, causes the discharge to pass harmlessly away. 

Within such envelopes* of conducting materials no " sub-divisions 
of charge” lateral or return discharges can take place, all inductive 

* A man in armour would oertaj^ly be aafe in a thunder stonn, from the great oondnet- 
Jng power of the metal a» oompared witfi tUt human body,—J^arriy on Thunderstorms, 
page 95.—E». • ' 
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iDfluence being destroyed It is accordingly thus that our powder 
sliould be protected. 

In my first letter on this subject, I recommended the construction, 
around each Magazine, of a series of iron conductors placed ten feet apart,. 
and conned by lateral bands of iron or copper with each other. But 
the facts since accumulated, regarding the power of rain in directing 
lightning flashes close by the best conductors, show that not even on 
this {ystem, still less on the old method, can we place absolute 
reliance. * 

Expense is the only objection which can be urged against the obvious 
mode of protecting Magazines, by enveloping them altogether ifi metallic 
sheathing. The subjoined plan, while equally efficient, will reduce the 
expense to a fair practical amount; it will guarantee security, an^ is ap* 
pUcable without cauang alterations in our present Magazlnea 

Let us imitate the bird'cage experiment on a large scale, and take 
for ihstance the Cawnpore Magazine, the-dimensions of which are 110 
feet long, 72 feet broad, 23 feet high, by scale thus:— 


2J 


■4e se jie 

At every six or ten feet almost of the length I would attach to the 
wall and carry over the roof down to the ground, (at both sides,) a copper 
strap two inches wide; these straps would all be in the vertical line. 
A similar band should run horizontally along the roof, and have parallel 
bands at every six feet: assuming the curve of'the roof to be a semi-cir¬ 
cle, this would require seven such bands. At the level of the ground again 
a similar horizontal band should run. All the intersections should be 
rivetted or soldered together. From each comer I would further lead 
a copper. rod with branches some feet into the ground. The whole 
arrangement may be Aus representedThe whole woidd require 33 
maunds of copper, at 35 Rupees, value Company’s Rupees 1,155, in¬ 
cluding rivets and workmanship, say Company’s Rupees 1,500. 

Hoop iron xUight be used; but its liability to corrosion by rust would 
be a serious objection. Rod iron might also*be. lued; but I apprehend 
the joining of the rods would present son^e practical difficulriea 
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I should observe that the mom of the copper above recommended, is 
much greater than that employed in Mr. Harris’s ship conductors, whidb 
are also of sheet copper. 1 mention this to show'that I am not depend¬ 
ing on miface alona 

Within a Magazine thus arranged, it is impossible, according to the 
present state of our knowledge, that an accident from lightning can oc¬ 
cur. The system can provoke no discharge upon itself; but will be 
ready to convey it when it may fall, and by distributing it equally in all 
directions, it obviates the possibility of any inductive secondaiy action 
within the building. For instance, no decomposition of the natural 
electricities of the globe a can occur, while Pp are conveying a discharge, 
as each Pp being positive tends to excite the negative state in the adja¬ 
cent Hfn and the positive in the opposite hemisphere Fp' of the globe. 
Thus every opposite pair (Pp) are equal antagonists, and neutralize 
each other’s effects. 



I beg permission now to add a few words regarding the protection of 
ordinary pvihlic edifices and private dmlUngs. 

The objections to the use of ordinary conductors, which I have urged. 
•so frequently and emphatically in the case of Powder Marines, are not 
so applicable to ordinary buildings within which an amount of electric 
disturbance may be 'permitted with safety, which would infallibly ex¬ 
plode a magazine. • 

So far from deprecating ^e use of conductors, as Mr. Harris has sup¬ 
posed and stated that 1 have ddhe, 1 have always urged their use for 
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(»mmon buildings; but I urisb their numbers to be increased; I would 
have at least foul/ir to each dwelling and have them all united at top by 
metallic rods. 

To timid persons- it may be some consolation to know^ that at a trifling 
expense (me apartment of a house may be rendered a Bafety clumber, 
within which no accident can occur. Let a copper strap one inch broacl 
be run along the cornice ; from this at each comer and at every six feet 
interval let a similai' strap descend to the floor; along this let. all be 
united mth another horizontal strap ; along every second or third beam 
let a strap run to the cornice ; all should be rivetted at the intersections 
or joinings. From all the system at the level of the floor Id a baud 
or rod of copper be led through the wall and joined to the external 
conductor. Within this arrangement no accident can occur. 

These straps may bo painted to the colour of the apartment, othenj 
entirely concealed. The expense for an ordinary room need not exceed 
one htmdred Rupees. 

A bedstead may be eifectively protected by a copper strap round its 
comice descending each post, joined below, and one branch resting by 
the foot of the bed on a strap let into the floor and then running tlirough 
the wall to a conductor outside. Tlio most nervous person may smile at 
the lightning while reposing on such a couch. 

From the whole of the preceding arguments it must be obvious to the 
Board that with Captains Fillans, Fraser and WeUer, 1 regard the 
Oawupore Magazine to be less exposed to risk without conductors than 
if armed with them on the ordinary method and in the common 
number. 

But there is still the equal risk to whmh this Magazine is exposed in 
common with every equal sur&,ce, and 1 earnestly trust that to obviate 
this danger and guard effectually against the calamities it may lead to, 
the Board will adopt the simple and certain plan 1 have recommended, 
by which the Magazine will be placed in a condition in which, were it to 
be struck by lightning daily, still no disaster could ensua 

But it is at the same time my inoperative duty to remind the Board 
that Messrs. Faraday, Daniell and Harris ^ regard the common system 
of conductors sufficient to afford the protect\Qn desired. Mr. Faraday 
fully admits nearly all the facts brought forward in this paper; but he 
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still doems the use even of a single conductor to be immeasureably 
prefenirble to the leaving a Magazine entirely unarmed. Impressed with 
the deepest respect for Mr. Faraday’s opinions, 1 differ from them with 
such self distrust, that I am naturally most unwiUing to accept the sole 
responsibility of recommending a course in any degree opposed to his 
advice. 

I therefore venture to suggest that the Military Board may be pleased 
to nominate a Committee of Engineer and Artillery Officers at the 
Presidency to enquire into the facts and views I have advanced, and 
report thereon to the Board. A steam electrifying machine with a large 
battery are now on the way from England for my use, and 1 expect them 
in October at latest With this machine 1 can exhibit all the facts 
descnbed for the satisfaction of the Committee, or make such further 
gcpenments as its Members might suggest for the elucidation of any 
obscure or doubtful point The Board and the community would thus 
have the unbia^d opinions of a body of scientific Officers, expenenced, 
moreover, in the phenomena of tropical thunder-storms to guide them in 
their decision upon references of such vital importance to the public 
safety. 

W. B. O’SHAUGHNESSY, m. d. f. b. s. 


No. 15. 

PiiOFESsoR Faraday’s Letter to Mr. Secretabt Melvill, being 
A Reply to Dr. O’Shaughnbssy’s 3rd Report. 

Royal InstUution, 7th June, 181)5. 
Sir, 

I HAVE received your note of the 30th May, 1845, accom¬ 
panied by the following Papers. 

***•»»*»**.*»* 

Your object is that I should furnish you with a Report of my opinion 
on the views and sentiments which have “been expressed on the 
subject in India as contained in the collection.” 

In reply I will quote the exact words of my former Report, i. e. the 
one referred to above, andconfeuned in the papers you have now sent me, 
for “these with the othef papers I have carefully considered, and as 
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the general result beg to say I see no reason to alter a word of ihy for¬ 
mer Beport." 

^‘In saying so much perhaps I say every thing that the Honorable Court 
oi Directors desire of me, for it is probably more the j^idgmmi of the 
individual than the reasons for the judgmsti^ that is required. The 
latter is sdmost impossible for any man to give fully in a case where 
there are arguments and reasons on both sides of the question; for 
the bearings of these become almost infinite in number, by reason of 
the vuiation in the degree of force which they possess under vaiying 
drcumstancM) and at last it is the discretion, experience, tact, and cau¬ 
tion of the person, which gives to his opinion any worth it %nay in 
reality possess." 

The copy of my Report of the Bth June, 1841, I will b^ you again 
to read as if it were now an original document 1 have paged it in red 
ink and corrected the references, and I have lined n^ly the whole of 
it dowl the side with red ink* and the present date of 7th June, 1845. 
Every part so marked I present to you now as the results of my deli¬ 
berate consideration and cautious judgment, and 1 have nothing at 
all to alter of the conclusions therein drawn; and therefore 1 wiU 
ask you to accept that Report, in conjunction with the sentence 
1 am writing, as the expression of my opinion on the views and 
sentiments contained in the coUeotion of papers you have sent 
me. 

My Report contaLus an account of certain experiments on the division 
of a charge and the production of what is often called the lateral spark, 
the cause of which and the consequence that flow from it 1 have stated 
in general terma On the other hand Dr. O’Shaughnes^, in the papers 
you have just sent me,f whilst objecting to the kind of lightning pro¬ 
tector which I and the late Professor Daniell recommended, has himself 
advised another which, both in principle and practice, he considers abso¬ 
lutely safe. 1 would have avoided if possible, for the reasons expressed 


* See ProfesBor Faraday’s reply to Dr. O’Shanghnessy’s Second Reporl^ pages 44—62, the 
whole of which is ao marked with the exception of 4di para, from top of page 4{t 2ad para. 
page60,aiidlBSt8ent«iceofpage62 .—£b. * 

t Latter dated 24th August U44. , ' 
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in my former Report, cmnmentmg on this plan; Imt as the very expoi" 
ments 1 have just referred to show that the proposition cannot fiiliil the 
expectation of the proposer, and that it might place the Magazines in 
much greater danger than the plan I approved of, and as you call on me 
for an opinion m continuation, 1 feel that 1 cannot^ in justice to the 
Hon'ble Board, refrain from drawing its attention to certain points 
in the proposed arrangement and its efiects. 

It is said by the proposer that the most powerful batteries may be 
discharged harmless “ on a metal powder flask without the slightest dan¬ 
ger to its contentsthat ** shells of the thinnest copper charged wilh 
percussion powder may be placed with equal safety in the current of 
the most violent artificial explosibosthat “ it is imposable to kill 
a bi^ in a wire cage by the electric fluidthat “ within such envelopes 
yf conducting materials no mh’dvumon of charge can take place, all 
inductive influence being destroyedand, it is accordingly thus that 
our powder should be protected.” • " 

There is evidently here and a little further on, the confusion of two 
distinct series of electrical effects essentially different, namely, the Btaiie 
and the dynamic ; and it is no doubt this confusion which leads to the 
erroneous practical result which the proposer arrives at. He then 
states, and truly, that expense is the only objection which can be urged 
against the obvious mode of protecting magazines by enveloping them 
altogether in metallic sheathing ; hut immediately after says—“ The sub¬ 
joined plan, while equally efficient, will reduce the expense to a fiur 
practical amount and will guarantee eecmiiy.” The plan is then 
proposed of carrying a copper strap upwards from the ground against 
one side of a Magazine, leading it over the top and down to the ground 
on the other side; this is to be done at every six or ten feet of distance ; 
similar bands are to run at intervals of six feet along the roof and across 
tho former bands, being fastened to them by rivetting pr soldering ; a 
similar band is to run round the bottom of the building at the level of the 
ground and connect all the ends together; and lastly, from each comer 
of the building copper rods with branches are to go into the ground. 
The copper straps or bands are to be ttoo inches wide; but their thidc* 
ness is not given. Howeve% it is said that hoop iron might be used 
if it were not liable to rq^, and it is also said that the mass of the 
copper, (whether of each strap of all the vertical straps is not ex- 
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pressed), is much greater than tliat employed in Mr. Hanis’s ship con¬ 
ductors. 

It is then said-—“ Within a Magazine thus arranged it is impossible, 
CLCcordmg to tJte preamt state of oub knowledge, that an accident 
from lightning can occur. The system can provoke no discharge upon 
itself, and then the philosophy of static effect, i. a, of quiescent 

electddty, and not of discharge which, when it occurs, is dynamic in its 
character, is referred to. 

1 had no doubt from the results described in my former Report and 
now recalled to your attention that such a system as that proposed would 
easily g^ve lateral sparks within, and that also under circumstances very 
similar to those likely to happen with a Powder Magazine. But to make 
it more evident to the Hon’ble Board I arranged a system of copper wires 
exactly in the manner proposed, so as to form a metallic cage (as in thp 
figure below), of which the intervals between the vertical wires were only 
from F3 to 22, 30 and 48 inches instead of six feet or 72 inches, 
and the vertical interval no more than 57 inches. The wires were 
from to j^th of an inch in diameter, well connected together, and 
finally, for the sake of a perfect discharge, connected by a thick wire 
of copper to the London water pipes. 


O ' 



V 
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Being thus arranged an electrical machine waa set in actions as to 
throw simple sparks (without any Leyden jar) from the conductor, by 
a jointed rod, onto any part of i^e top of the fi:ame,as for instance 
where the balls are represented. The sparks were not more than one 
inch and six-tenths long, and the wire of the frame or any abrgle wire 
was sufficient to carry several hundred thousand times this quantity at 
one discharge without in the least suffering from it. Tet when a wire 
was connected with the lower nm as at B, or othervdse well connected 
with the earth as by the pipes, and being taken up irmde the 
frame, was brought near the under part of any of the upper wires, a 
spark passed between that wire and the frame, at the occurrence of every 
spark from the machine. Nay moi^, whatever part of the lower edge 
of thh frame tliis wire was made'frist to, its upper end could take a 
spark from any place of the upper part of the frame at every spark from 
the machine. Still more, if the wire represented by the dotted line was 
only held near the frame at its top and bottom ends, then a spatk from 
the machine on the top of the frame caused two sparks on the experi¬ 
mental wire, one at each end. If instead of one experimental or inner 
wire, two, three, four, or more were used, being connected below 
with the bottom of the frame, or with the water pipes, then one spark 
from the machine could produce a secondary spark on each of these 
wires, i, e. four internal or lateral discharges could be produced at 
different places within by one external spark. 

I covered a part of the top of the wire-frame with sheets of wire 
gauze, the wires being only |th of an inch apart^ and therefore far 
closer than the wires of a bird ci^e, and 1 could produce the lateral 
discharge as easily from the inner surface of this gauze as from the 
former wires of the frame. 1 hung a (ylinder of wire gauze inside the 
frame, and then had abundant lateral or secondary sparks from the 
inside of the cylinder. I took a large strong copper pan, 20 inches 
in diameter, and turning it upside down upon the frame, made it a 
metallic dome; when the machine discharged a small spark only on to it, 
or any part of the wire-frame, a lateral spark could be obtained with 
the utmost facility from any part of the inside. 

My model was only about §ve feet high, but the Powder Magazine is 
23 feet m height, and increases in distance from the place where the 
electrirnty strikes to the place of discharge (i & the earth) tends to 

• 13 
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render 4be effect more Btrikiag. 1 had only inrea of oo^r instead of 
copper bands or iron hook; but my wires were far larg» in propor' 
tion to the electric spark whidi I used than the bands of co[^ (judg* 
ing from the weight g^ven) or ircm would be to the lightning flash. 
Such a system of bands, because of its inflnitely better oondootii^ power 
than stone or brick eveu when the latter is wet, lOiU tend to make the 
lightning strike upon a Magazine which^ without the l^ndi^ might not 
have been struck; and, considering the metallic nature of the contents 
of a magazine, that each powder barrel is lined with copper and that 
these and shells are often piled on each other from the ground upwards 
towards the roof, so as even sometimes to touch it, I think it very proba¬ 
ble that a strong flash of lightning^ striking the proposed frame-work, 
might divide after the manner of a lateral spark, as in the experiments 
described, and part of it take its course through the contents df tbs 
Magazine and thus cause its entire destruction. 

In older to show that mere surface has nothing at idl to do with these 
or any dynamic effects of electricity, 1 constructed a simUar frame with 
copper handSf nearly two inches wide, and obtained the lateral sparks 
just as eafflly on the inside surface of these bands as with the wires. 
It could not be otherwise offer the results of the experiment described 
with the wire gauze and the copper pan. 

1 have no doubt that if tiie Magazine were entirely enclosed in a 
case of copper and thd copper wm'e thick enough to conduct most 
freely the electric fluid, k would be protected; but I doubt whether 
a cage of copper straps such as those proposed would be sufficient to 
remove entirely the effects 1 speak of, even though the straps were so 
near each other as to leave no space exposed huger than a square 
foot; further, supposing that these straps were in some places to come 
apart, or else over lie, not being in actual or soldered metallic contact, 
there would almost certainly be a.spark at each of these places when 
the lightning fell upon any pak of the frame. 

I have paged in ink the copy of Dr. O’Shau^nessy's letter or report 
of the 24th August 1844, which you have sent me and which I return 
with this paper of mine. You will find that from pages 37 to 64 it 
speaks of the,power of a lightning condijctor through which a discharge 
is passing, to effect neighbouring bodies an^ cause sparks to pass be¬ 
tween them, and it gives many casdiii oif the producUon of suck spaiiks, 
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as at pages41,4t3~-to and inckding 49 being the Strasbuigh Qathedral, 
also 5% 5S, 59, 60 and 63, and Ihese aire eoneidered as reason against 
such a lightning conductor as I have recommended notv; all these 
effects (being dynamic) take place as eBaHy uoiHii/n the hrame-work of 
straps proposed, as they do near a lightning rod, and upon exactly 
the same principles. They are within that frame>work just as surely 
“ increased by the proximity of the conductor" (i a the straps) “ and the 
quantity of the primary or lightning discharge," (page 64,) as they are 
in any other condition of the lightning conductor; and because the 
frame is in much closer approximation to the contents of the Magazine 
than the rod 1 recommend, are more productive of danger to these 
contents. 

For these and all the reasons formerly and a^n adduced, my con¬ 
clusion is the same as before, namely, that the conductor should not 
be put in contact with the Magazine; but as I have said in the close of 
my last Report, to which 1 again beg to refer you, should hi about 
three feet distance from it. 

W. FABADAY. 


No. 16. 

Professor Whiiatstone’s LsmE to Mr. Secretary Melyill, beino 
A Reply to Dr. O’Shauohnessy’s Thiro Report. 

King’s College, 8th August 1845, 

Sir,—^I n compliance with the request of the Political and Military 
Committee, that 1 should furnish the Court with a Report of my 
opinion on the views and sentiments which have been expr^ed in 
the correspondence submitted to me on the subject of the application 
of lightning conductors to Powder Magazines in India, I beg leave 
to make the following observations:— 

The enquiry appears to me to resolve itself into two questions, which 
may be considored as totally distinct: ' 

lst~—Whe^r Powder Magazines are safer wUh, or without, ligU- 
ning condudffrs, corwtruded accordvng to iJw recommendations of 
Professors Faraday and DmieU, in their former Eqwrts: and, 
Mly.'^Wheiher the pUm proposed by Dr, O’Shaughnessy is free 
from the d^eds which he andooth^gendemen, attribute to the ordinary 
mdhod of protecting buildings from Ughtning, 
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With reqpect to the first question^ the subject has been alrefady so 
fully and ably discussed as to leave no argument of importimoe to- be 
brought forward in support of either opinion. My own conviction, 
founded, both on my previous knowledge of the subject and on an 
attentive perusal of the reports now submitted to me, is that Powder 
Magazines, like aU other buildings, will be more secure &om the des¬ 
tructive effects of lightning by the application of properly constructed 
conductors, by which 1 mean such as are recommended in the reports 
of Professors Faraday and Daniell, than if they be deprived of such 
protection. 

a 

As an argument against the establishment of lightning conductors, 
it has been urged that they are capable of determining a discliarge 
which would not take place were they away, and that by thus “ bringing.” 
the lightning into the vicinity of the building, they endanger it when 
otlierwfse it would be safe. 

To this it may be answered: the power which a conductor has of 
determining a discharge is limited to a very small extent of the 
circumscribing space ; if the object to be protected and the termination 
of the conductor be both within this space, the conductor will lead 
away the whole or the principal portion of the discharge; whereas, if 
the conductor be not there, the object will take the whole; the former 
will always be the case when the conductor and the object to be pro¬ 
tected are sufficiently near each other; and if under such circumstances 
any division of the discharge does occur, it may be confidently asserted 
that the injurious effects would be greatly increased by the absence of 
the conductor; but on account of the greatly superior conductmg power 
of the lightning rods, the probability of any injury arising from this 
cause must be very small, if the conductor and object be too 
remote from each other, a discharge on the latter will not be averted 
by the former *, but in this case the conductor has no detrimental 
effect, it is merely null ; and if under the same rircumstances the 
discharge ffill on the conductor, it will become the sole channel of trana- 
mission of the electric discharge to the earth. The case of a conductor 
determmihga discharge upon itself, whi^i would not have fallen upon 
the object intended to be protected, an^ yet dividing the discharge upon 
such object, 1 hold to be quite chimerical 
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But another soni^ of danger has been prominently'^t^fbrward as 
appertaining to lightning ccmductors, and has even given rise to re¬ 
commendations for their prohibition It has been observed that, when 
a discharge of electricity passes ihrot%h a metal rod communicating 
with the earth, if any good, or even imperfeody conducting bodies be in 
its vicinity, sparks and flashes frequently appear to pass between them. 
These effects, when they occur, may be attributed to two distinct 
causes:—ls£, the division of the discharge which thus finds a second 
path to neutralize itself iu the earth ] and inMy, the induction of the 
rod upon insulated conducting masses in its neighbourhood. Under 
the most favorable circumstances for the production of these secondary: 
effect^ tho energy they exhibit must be vastly inferior to that of the 
quantity which is transmitted through the conducting rod to the earth, 
and which is averted by its agency from falling with undiverted force 
upon the building. At the worst a small danger is substituted for a 
great one; but even this limited danger may be avoided by proper 
precautions, which have already been judiciously pointed out by remov¬ 
ing—for instance, from the building in the vicinity of the conductor—all 
insulated metallic masses, or by making a conducting connexion between 
them and the conductor; or, what is perhaps preferable in the case of 
Powder Magazines, adopting Dr. Faraday's suggestion of completely 
detaching the conductor from the building. 

1 doom it needless to dilate upon these topics, after they have been so 
amply and ably treated in the reports of Doctors Faraday and Daniell, and 
will therefore only express my entire concurrence in the recomm^datipns 
they have proposed. Lightning conductors, especially in countries likd 
Indu^ where the disturbances of electric equilibrium in the atmosphere 
occur with an intensity unknown in more temperate regions, may 
not be an absolute safeguard to buildings exposed to their destructive 
effects; but I cannot doubt that, in all cases, they will have a most 
beneficial result, and tiha;t v^hen they do not avert the danger altogether, 
they will at least depnve the storm of a portion of the power of produc¬ 
ing mischief it would otherwise exert 

Dr. O’Shaughnessy has referred to the circumstances which took place 
when the Cathedral of Stiasburgh—one of the highest buildings, in the 
world--was struck by ligliJliDi^ in lS4i3; and ]pis adduced .them as 
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proving the dangers to which e(Moes are exposed even when provided 
WX& perfect conductors.. It is incorrect to repres^tthk occummceas 
an accident which happened to the cathedral; for though, during a 
violent storm, the conductor was struck twice by lightning, no injury 
whatever was done to ^e building, not even a piece of stone or mortar 
was detached from it. It appears that two of tbe conductors terminated 
in a well dose to a tin-man's shop, on the sides of which were ranged a 
great number of vessels of tinned iron and zinc, and in the comer nearest 
one of the conductors, long bars of iron were standing against the wall; 
behind the shop, by the side of the two conductors, and as M. Fargeand 
states, most probably touching them, there was heaped up a larg^ quan¬ 
tity of lead and iron, which had been removed from the roof of the nave. 
This great mass of extaraneous metal diverted a portion of the current 
from its principal direction towards the well, and determined it towards 
the nearest external conductors, and it passed in the form of a disruptive 
disch^ge from this mass to the hmrs of iron in the shop, but without 
doing any injury to the seven or eight persons who were assembled 
therein. On this Dr. O’Shaughnessy makes the following observation 
» The fact—the condusive warning fact—that they (the flashes) occurrod 
dose to an admirable conductor, and were occasioned by this conductor, is 
beyond all cavil and misrepresentation." True; but had an experiment 
been purpo^ly devised to divert an electric discharge from its accustomed 
channel, it would not have succeeded better than under the conditions 
which were here acddentally present; and it would be the highest 
degree of carelessness, now we are warned of the consequences, to allow 
such conditions to exist in the neighbourhood of a building. Moreover, 
1 am disposed to believe that this effect would not have taken place had 
the termination d the conductor in the well consisted of a large metallio 
surface instead of a bar, the section of which was only about 2 inches 
by i an inch. 

Thh mrcumstanoes relating to the establishment of the lightning 
conduotots on Stxasbuigh cathedral, are, so instructive, and prove so 
decisively the efficiency of such protection, that 1 must be allowed briefly 
to lecBpitulate them. The full details given by M. Faigeand will be 
/bund m the . 49»ia2es tie Qhme it ti« PhyeiqM, 3 erne, Serie F. 13, 
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This edifice, as might be expected from its great elevation, has suffmed 
considerably fiom thund^ storma It was established by dooninents 
placed before a Commits in 18B3, that for the preceding thirty years, 
the average expense of repairing the damage done by lightning to ti^ 
cathedral was 1,000 francs per annum. To go further back, in 1759, on 
the 27th of July, a stroke of lightning burnt the whole of the wood¬ 
work of the loof of the church; and iu October of the same year, the 
lightuiag fell three times during the same storm, on the upper part of 
the tower, and almost entirely divided one of the pillars of the kntmn. 
In 1780, a project for establishing aUghtning conductor, which had 
been submitted to the examination of Franklin and approved by the 
Academy of Sdence^ was recommended'to the Magistrates of the city, 
and rejected on account of the expense. In 1827 the attention of the 
authorities of Strasburgh was again called to the subject in consequence of 
the wish, expressed by M. Qay Lusae, when he visited the cathedral, 
that this monument should be protected from the attacks of ligfitnii^ 
by a properly disposed conductor; but the same erroneous notions which 
have so long prevailed called up an opposition, which prevented ^en a 
preliminary trial being made by affixing a conductor to the theatre. 
Things were in this state, when, on the 18th August 1833, a most violent 
storm broke over the dty, and the tower was struck three times within 
a quarter of an hour; the lead, copper, iron, the mortar, and even the 
stone itself, were burnt and fused in many places; the hammers became 
soldered to the bells, and serious accidents happened from stones pro¬ 
jected into the neighbouring streets. The damage thus occasioned drew 
the attention of the Administration once more to tho subject and a Com¬ 
mittee was appointed to report on the propriety of placing a conductor 
ou the tower d the cathedral The Report was made and ordered to be 
printed ; but no stops were taken to give effect to the recommendations 
made therein. Nothing probably would have been done in the matter, 
had not a more terrible explosion occurred in July 1834; one of the 
four turrets was cut in hal^ enormous stones were displaced, and numer¬ 
ous fjeagments wwe transported to considerable distance. The alarm 
spread by this accident oc(Xisioned the long rejected project to be put in 
execution, and in the summer ef 1835 the present efficient system of 
lightning conductors was ^o^leted. During the subsequent seven 
years, it does not appear that either the building or the conductors had 
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been struck by lightning * and, as M. Fargeand states, it almost seems 
that storms had become less frequent and less intense over Strasburgh. 
But on July 10th, 1843, the storm above mentioned burst over the city; 
the lightning struck the conductor twice, without doing the slightest 
damage to the ^thedral; and that abnormal division of the disdiarge 
occurred near the ground outnde the building, which Dr. O’Shaugh- 
nessy has introduced into the discussion. ^ 

It now only remains for me to state my opinion of the plan proposed 
by Dr. O’Shaughnessy for protecting Powder Magazines, which is 
described as “ a umple and certain plan, by which the Magazine will be 
placed in a condition in which, were it to be struck by lightning^ daily, 
still no disaster would ensue.*' Thd fallacy of the assumed princi|)le ou 
which the recommendation in question is founded, has been so completely 
shown by the simple and decisive experiments of Dr. Faraday, that it is 
unnecessary to add a single word to the force of that evidence. Dr. 
O’ShiAighnessy has not adduced a single experiment in support of the 
efficacy of his system, but seems to have founded his opinion on theore¬ 
tical views alone, to which, it appears to me, he has been led by not 
properly distinguishing the phenomena of electricity at rest from those 
of electricity in motion. I agree with Dr. Faraday that, while the new 
plan will have no superiority over the one formerly proposed in averting 
danger arising from the occurrence of sparks and flashes between the 
conductor and conducting bodies adjacent to it, the insecurity will be 
augmented rather tiian diminished, in consequence of the liability of 
flashes occurring between disconnected portions of the ramified con¬ 
ductor itself 

To conclude, while I repose entire, confidence in the efficacy of pro¬ 
perly constructed lightning conductors, I am far from thinking that 
the discussions, to which the opposition to their establishment has given 
lis^ liave been either useless or unimportant; they have prominently 
indicated, sources of danger, to which sufficient attention had not hither- 
tp-been paid, and have led to valuable suggestions for avoiding them. 

C. WHEATSTONE. 

** The damage done to Straaburgh cathedml bjr lightning waa Ibtmerly, almn.* evwf yau, 
Buch as to oocttdon conuderable expense. Since the mther recent period at which it has 
been proirided with a lightning conductor, no doms^ has been sustuned, and this item of 
ea^d^ture has disappeared'trom the Municipel ^udget.—ireyo’a Meteoroh/fiaU thrap. 
—£d. 
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No. 17. 

Lette& from the Secretary to the Board of Ordnance, to 
Mr. Secretary MELvn.L 

O^icc of Ordnance, 20th June 1845. 

Sir,—H aviog submitted to tlie Master-General and Board of 
Ordnance your letter, dated the 12bh instant, requesting to be furnished 
with information of the practice at present observed for protecting 
Powder Magazines in British Colonies from lightning, especially the 
Magazines in the West Indies and other tropical cliinatea 

I have the honor, by the Master-General and Board s commands, to 
transmit to you, for the information of the Court of Directors of the 
East India Company, the enclosed copy of the Report of a Committee 
of Royal Engineers on lightning conductors, dated 3rd March 1828, and 
also the copy of a letter from General Mann, dated 7th July 1827, on 
the subject j and I am to observe that, although the principle of applying 
■lightning conductors to all large Magazines is acknowledged, it has 
frequently occurred that the “ practice” has not obtained, even in the 
tropics, for small service or regimental Magazines. 

K BYHAM. 


No. 18. 

Letter from Generai, Masn (Royal Engineers), to the Secretary 

Board of Ordnance, 

84, Pall Mall, 7th July 1827. 

Sir,—I have to acknowledge the receipt of your letter of the 4th 
instant, and whenever the Board communicate to me the answer they 
may receive from the Royal Society, I shall appoint a Committee of 
Engineers to be in communication with them on the subject of lightning 
conductors; in the mean time 1 venture to offer the following' observations 
on their utility 

The question itself (one upon which of late years there have been con¬ 
siderable doubts,) may be considered in two points of view—philosophi¬ 
cally and practically; but the latter is that to which I should be inclined 
to pay the greatest attention, altihough the arguments that may be used 
under the first head, for or against question, cannot fail to have influ¬ 
ence on the measures which should be adopted under the second; and as 
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the question philosophically has never, that 1 know of, notwithstanding 
the consideration 'given to it, been brought to any satisfactory result or 
uniform opinion, so the practice respecting the use of conductors must 
still be various and undecisive. I am, therefore, of opinion that, until some¬ 
thing satisfactory and conclusive can be confidently decided upon, there 
are no sufficient reasons for disturbing or altering the present practice, 
and therefore that all important buildings, more especially Magazines or 
Laboratory Store-houses, should be provided with one or more pointed 
conductors, not fixed to the buildings, but separated from them, of suiSfi- 
cient height and at some small distance. I am not aware, whatever 
may have been the phUosophical opinion upon the subject, thkt any 
buildings so provided have experienbed any fatal effects from lightning. 
If this is really the case, it is better to go on as before, than to try now 
experiments, unless the report and proceedings of the Eoyal Society apd 
Committee of Engineers should fully justify a departure from the present 
practice, and point out some other that may be depended on as prefer¬ 
able. At present, even should it be admitted that pointed conductors 
invite the electric fluid, still, if they also disperse it without harm, 
then it is rather in favor of than against the practice of using them. 

GOTHER MANN. 


No. 19. 

Report on the subject of Lightning Conductors by a’Com- 
MiTTEE OF Officers of the Corps of Royal Engineers, to 
General Mann. 

March 1828. 

Sir, —Agi’eeably to your order that we, the undersigned Officers of the 
Corps of Royal Engineers, should meet and confer with the President 
and a Committee of the Council of the Royal Society, on the subject of 
lightning conductors, in reference to certain official letters and docu¬ 
ments upon the same subject, which bad been addressed to the Hoh'ble 
Board of Ordnance, we now beg leave to report our proceedings. 

Our first conference was at the apartments of the Royal Society, 
Somerset Houw, on the 20th Decembei*‘1827, being the day named by 
you. This led to a correspondence ip the form of queries addressed by 
us to the President and Council of the Royal Society, to which they 
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returned answers; and afterwards we thought it necessary to request 
them to favor us with a second conference, in order to discuss more fully 
certain details of the subject This took place on the 21st ultimo. 

As we, whose signatures are annexed to this Report, were not possessed 
of more than a superficial knowledge of electricity, we conceived that 
the object of the Hon'ble Board of Ordnance, in desiring us to confer 
with the President and Council of the Royal Society, would best be pro¬ 
moted by our soliciting information from them in regard to those points 
which, being of a strictly scientific nature, it exceeded the limits of our 
own experience and practical knowledge to decide upon. 

Mr. Davis Gilbert, the President, Captain Hater, Vice-President, Dr. 
Young, Mr. Children, and several other scientific Members of the 
Council of the Royal Society, with whom we first met, and afterwards 
^corresponded, communicated their ideas to us on this important subject 
witli the utmost liberality. We could observe that, in certain trifling 
details, a little difierence of opinion at first appeared to prevail amongst 
some of those gentlemen, as was naturally to be expected, they coming 
unprepared for the particular points that were referred to them ; and 
in consequence of our making practical objections to some few of their 
first ideas, they were pleased to modify them afterwards to a certain 
degree in our second conference, which we consider the most important 
and satisfactory; for all parties then came fully prepared for the points 
most worthy of discussion, and at this last meeting, we were much 
indebted to Dr. Woollaston, who had not before been present. 

The measures tliat ought to be adopted, and the general principles 
that ought to be kept in view, for securing buildings against the eifects 
of lightning, as developed by those distinguished scientific gentlemen 
in their second conference with us, are as follows :— 

Ist ,—^That the most proper lightning conductors are metallic rods, 
elevated some feet above the behest ridge or summit of the building, 
pointed at top, with a moderately acute angle, and terminating at 
bottom either in water, which is the best arrangement, or in a moist 
stratum of earth, at some distance from the building, and that it may 
be useful to cause the lower end of the rod to fork out into more 
branches than one. • 

2nd—That the least qxidable metals are the best conductors; and 
therefore, of the common metali? copper is preferable to iron; but as the 
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former is much more expensive, a mixed rod having the top of copper, 
and the remainder of iron, will answer the piii^se, care being taken 
‘ to unite the two metals intimately at their common pomt of junction 
by soldering, screwing one point into the other, rivetting, or other¬ 
wise The top is recommended to be made of the more perfect metal, 
because the preservation of the point of a lightning conductor is of most 
importance. 

3rd—^Tbat an iron rod used as A lightning conductor ought to be 
about inch in diameter; but that rods of any other metal having 
' greater conducting powers, if used for the same purpose, may be made 
somewhat slighter with the same effect; and generally that the^nost 
oxidable, aud most conducting metarought to be tbe thickest. ^ 

4tA.—That the point, or other .superficial application necessary for 
preserving an iron rod from corrosion will not impair its properties us ur 
conductor of lightning, which depends more upon the mass, than on the 
surface lif metal employed. Also, that the superficial oxidations of an 
iron rod, not protected by paint, &a, would be no further prejudicial 
tlian inasmuch as it diminishes the mass of perfect metal, which by 
degrees it may completely destroy. 

5/A.—That insulated conductors at the distance of 10 or 12 feet from 
the walls of a building, ai'e preferable to those which are attached to the 
building itself. The former must, of course, be secured by fixing them to 
masts or polos of sufficient height. That two such conductors placed at 
the ends of a Powder Magazine will generally be sufficient for its 
protection, unless the building shall be, of more than usual length, in 
which case it may be proper to add two others, also insulated, one in 
front and one in rear towards the centre. 

6/A.—^In case of conductors being attached to a building (which they 
do not absolutely reprobate, under peculiar circumstances, although they 
consider insulated ones better) they are of opinion that all abrupt aud 
angular turnings ought to be avoided in changing the direction of the 
metallic rod, especially at re-entering angles; but that at salient angles, 
this may be deemed of less importance. Also that in fixing it to the roof 
Of walls, the rod ought to be in contact with some non-conducting 
substance, and not with metallic cramps or holdfasts. 

7/A.—-That it is a matter of the utmost impprtance to preserve light¬ 
ning conductors always in a proper ^te of repair; for, if lightning 
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should act on a perfect conductor constructed according to the ruio' 
before laid down, it will discharge itself harmlessly in the 'neater or 
moist earth, into which the bottom of the rod is led, without injuring 
the building; but if the lower part of the metallic rod should previously 
be broken off by accident^ the lightning, ^er playing along the upper 
part of the rod, may shatter to pieces any non-conducting substance that 
it may meet with at the point of fracture. 

The above seems to be a strong reason for prefernng insulated to 
attached conductors, for if the former be broken by accident, it can only 
lead to the downfall of the masts or poles, to which they are attached, 
whereas a like accident happening to the latter, might occasion great in¬ 
jury to the buildings with which they are connected, 

8th .—^That metallic ridges, hips and gutters, such a.s are used on 
the roofs of buildings, if connected with metallic water-pipes, leading 
into drains below and outside of the building, may answer the purpose 
of lightning conductors, and tend to the security of a building, provided 
that the metal used be sufficiently substantial, to prevent its being 
fused by lightning. 

9tk —On the above principle they do not consider the practice of 
covering roofs with iron plates tinned over, as at Quebec, to be in any 
respect injurious to the safety of buildings, provided that tho metallic 
water pipes be kept perfect, and that they do not finish abruptly be¬ 
fore they reach the ground. 

lOth .—Attending to the same precaution also, they do not object 
to the use of metallic ridges, hips, gutters, &c,, on the roofs of Powder 
Magazines; but when this precaution is not taken, they consider metal 
on the roofs only, and not connected with the ground, as being highly 
objectionable. 

lltA.—Having made known to them the prevailing practice of cover¬ 
ing the doors and window-shutters of Powder Magazines with sheet cop¬ 
per, to prevent accidents by external fire, they see no objection to this 
arrangement 

12th. Having shown them the model of the new barracks in the 
West Indies, in which a more than usual quantity of iron is employed 
and in which the ridges, hips, and gutters of the roof are of metal, 
they are of opinion that ^ a continuity of metal from the roof to the 
ground be obtained, by leading four metallic rods, from the base of 
the lower tier of iron co^ifmns.of the verandah, one at each angle of 
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the building, and tmniaaiing them in water or in moist earth, as be> 
fore recommended, that there will be no more danger of those barracks 
being injured by lightning, than if there were no iron used in the con¬ 
struction. 

Having thus stated the valuable information received by us £rom 
the President and Committee of the Council of the Boyal Society on 
this important subject, we beg leave to add, with much diffidence, a few 
observations of our own, together with the inferences drawn by us 
from the above opiniona 

In the first place, we consider that the buildings most apt to suffer 
injury by lightning are those having spires, or very high pindkcles, 
or those situated on very commaniling eminences, without any other 
objects overtopping them, especially if the buildings so situated should 
be constructed of combustible materials. « 

Fortunately these circumstances so very seldom apply to Powder 
Magazihes which are of a plain form, without projections, of a substan¬ 
tial construction, not liable to be set on fire, and usually placed in low 
or sheltered situations; that we consider them as being perhaps of all 
buildings the least liable to accidents from lightning; but taking also in¬ 
to consideration the great injury to all surrounding objects that might 
arise from the explosion of Powder Magazines, we think that no reason¬ 
able precaution ought to be omitted for their security, and therefore that 
they ought to be provided with metallic rods as lightning conductors, 
over and above the precaution of having a continuity of metallic matter, 
when such is used on their roofs from thence to the ground outside. 

We beg further to suggest, that it may sometimes be expedient to use 
metallic rods as conductors for the protection of public buildings of a 
very inflammable nature or of those having very lofty spires, although 
not containing gunpowder, provided that such buildings be situated on 
high ground known to be frequently visited by lightning, and as insulated 
conductors could not generally be used, under the circumstances supposed, 
we beg leave to recommend that the metallic rod shall either pass 
through holes in projecting plugs of hard wood, or stones attached to 
the wMls, or that a piece of wood may be interposed between the rod 
and the iron crmps that connect it with the walls. 

In respect to all other public buildings^ w»th the exception of those 
that have been spedfied, we conceive that lightning conductors may 
generally be dispea'ied with, even in countrilQ in which Thunder Storms 
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are more frequent and dangerous than in England, provided that 
substantial iron pipes be used to guide the rain water from the roofs into 
external drains below, on the principle previously explained. We prefer 
iron to lead, as being not only cheaper and less liable to be stolen by 
ill-disposed persons, but also from a much more intense heat being 
required to fuse the former metal. If, however, good leaden pipes be 
already fixed to any Govermnent building, we do not recommend their 
being removed, so long as they shall continue in repair. 

As it appears to us that the absolute risk to which buildings are 
exposed from lightning is a practical question, rather to be determined 
by experience than by reasoning, and that not only certain countries, 
but even certain districts of the safiie country, and certain spots of the 
same district, may be exposed to much greater risk than others. We 
beg leave to conclude by respectfully suggesting that the Commanding 
Engineers at home and abroad should be directed to enquire into and 
make a detailed report of all accidents by lightning, affecting holdings, 
at or near their respective stations; describing also the peculiar con¬ 
struction of the building struck or injured but noting more especially 
the nature and arrangement of the metallic matter contained in it^ 
and that their Reports shall not only be prospective but retrospective so 
far as they can ascertain any such facts with accuracy. 

A correct record of accidents of this nature, transmitted from all parts 
of His Majesty’s dominions, would enable the Engineer Department 
to recommend, and the Hou’ble Board of Ordnance to decide upon, the 
measures that appear most desirable for the protection of Govern¬ 
ment buildings against lightniug, as well as on the most judirious 
construction of public edifices, with a view to that object, in reference 
to climate and situation, it being understood that the precautions proper 
in one situation might involve a superfluous expense in others. 

Under this view of the subject also, we humbly conceive that in 
common public buildings, not contaming explosive or inflammable storei^ 
any style of construction, which is the most economical, and which has 
been proved by the long experience of any district in which it has been 
generally used not to be liable to accidents from lightning may still be 
adhered to in that district, notwithstanding that the arrangement of 
the metallic matter in soc^ s^le of building may not be m strict accord¬ 
ance with the rules suggest^ 1[>y the science of eleciridty; but in 
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all cases in which the expence would not thereby be ino'eased) there 
can be no doubt of the propriety of making the metallic parts of every 
public building act as lightning conductors to the same, by establishing 
a continuity of metallic matter from the roof to the ground on the prin¬ 
ciple that was before explained. 

C. W. PASLEY, Lieyii.-Golonel 
G. BUCHANAN, Lieut-GoloneL 
J. M. F. SMITH, Gaptam, 


No. 20. 


Letteb from the Honorable Court op Directors to the 

a 

Governor General op India in Council. , 

London, 171^ September 1845. 

Reply to Military Letter prom Bengal, 14 th Feb. 1845 . 


1. immediately on the receipt of this letter, a copy of it and of its 

accompaniments was placed in the hands of 
Professors Faraday and Wheatstone, with our 
request that they would each furnish us with a 
report of his opinion on the views and senti¬ 
ments which had been e.xpressed on the subject 
in India, as contained in the collection received 
from you. We also addressed the Master-Gene¬ 
ral and Board of Ordnance, requesting to be furnished with information 
of the practice at present obsei-ved for protecting Powder Magazines in 
British Colonies from lightning, especially the Magazines in the West 
Indies and other tropical climates. 

2. We now forward copies of the replies we have received, from 
which you will learn that the Professors above named are both decidedly 
of opinion that conductors, according to the plan approved by Professors 


Forwaid papers cm the 
Buhjeot of lightning conduct¬ 
ors. including a report on the 
subject from Dr. O'Shaugh- 
nessy, and stating that pend¬ 
ing the receipt of instruc¬ 
tions; farther application of 
lightning conductors to row- 
dor Magazines has been sus¬ 
pended. 


Faraday and Daniell, as already communicated to you, should be attached 
to all Powder Magazines. You will also learn from the reply of the 
Board of Ordnance and its enclosure, that the principle of applying 
lightning conductors to all large Magazines is acknowledged and acted 
upon. e 

S. W« have sow no hesitation in commuiycating to you our desire 
that li ghtnin g conductors, according *to the plan above mentioned, 
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may be forthwith applied to all statioD Powder Magazine;; at the three 
Presidendea 

4, Although the views of Mr, O’Shaughnessy on this subject are not 
adopted, we observe with satkGaction the remark of Professor Wheats 
stone that “ whilst he reposes entire confidence in the effidency of pro¬ 
perly constructed lightning conductors, he is far from thinking that 
the discussions to which the opposition to their establishment has given 
rise, have been either useless or unimportant; they have prominently 
indicated sources of danger to which suffident attention had not 
hitherto been paid, and have led to valuable suggestions for avoiding 
them.” 

5. You will be pleased to commmmcate a copy of this despatch and 
of itS endosures for the information and guidance of the Governments 
yf Madras and Bombay. 


15 
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O0KPEI8INO A raw USBFUl. ExTBACTS of a PBACTICAL TENDFIfCT PR 01 | SiB 
WitWAM Show Habbis’s Wobk on Thuhdeb Stoems. 


Note A. 

• NATURE OP LIGHTNINO RODS. 

The damage sustained by buildings and* ships in thunder-storms being invariably 
found *to occur in the spaces where good conductors of electricity to be 
continued, it became an important question in practical science how far it would 
be desirable to provide at once a continuous line of conduction, through which the 
electrical dischai’ge might bo transmitted without any intermediate exploshm, and 
cojisequently without damage to the general mass,—an idea first suggested by the 
Americiui Philosopher Pranklin, and since carried effectually into practice under 
the form of a lightning rod. 

Tlie application of such a rod to a building or ship, is evidently equivalent to 
the nniling into a continuous conducting train all tlie detached meteillic masses 
between which damage ensnes, and in the case of particular buildings, into the 
coiistniction of which such masses do not enter, it supplies the degree of conduct¬ 
ing power rwiuisite for their safety. A conducting rod, therefore, in whatever 
way it may be applied, is to be considered merely os a means of perfecting the con¬ 
ducting power of the whole mass so as to admit of intense discharges of lightning 
l>eing securely transmitted, which otherwise would not pass without intermediate 
explosion and damage; for it rnnst never be forgotten, as an important feature in 
the oousideration of this question, that the materials of which buildings and ships 
are composed, arc, for the most part, such as come under the denomination of 
conductors; the whole fabric is, therefore, to a greater or less extent, an electrical 
conductor. Now, the chance of Us escaping damage from a discharge of lightning 
increases with its power of transmitting the electrical action by which it is assailed. 
If we conld suppose a ship or building to have a perfect conducting power in ail 
its parts, or if we imagine it to be metallic throughout, then damage from light’ 
ning would be unknown. Thus discharges of lightning strack repeatedly on the 
iron steam boat which accompanied Lander in his last attempt to explore the 
interior of Africa, without producing the slightest effect on it, whilst vessels built 
of wood and metal were damaged. The great object, therefore, to be attained in the 
appUcation of lightning oouductgrs to the defence of buildings and shipping from 
lightning, is to bring the general mass at nearly into this state as possible. 
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Nots B. 

CONDITIONS REQUISITE TO PERFECT SECURITY. 

The geueral priuciples to be kept in view in the application of lightning rods, 
are these. The rod shonlcl be made of the best conducting substance; it should be 
Continuous, and have great eleorical capacily, and the metal of which it is com¬ 
posed should expose as great an extent of surface as possible, consistently with 
strength and durability. Its upper extremity, which should project freely into the 
air, ahould be pointed and may be triangular, somewhat similar to a bayonet. 
In bases whore metallic vane-spiudleB or other points exist, it may (mmmerice from 
these. It should be led as directly as possible along the building, and be fixed to 
its walls. It should terminate immediately nudor the surfuse of the ground in 
two or more branches passing out in any couveniout direction ; these btanChes 
shonld, if circumstances pinrmit, be connected with a spring of water, admin, or 
some other conducting duumol. It should be applied immediately to the {yavl to 
be defended, and not at a short distance from it, and should be so applied that a 
discharge of lightning Ming on the general mass could not poasibly lind its way 
to the ground by any circuit of which the conductor did not form a ixirt; that is 
to say,* the conductor should be united with all the great masses of metal in its 
vicinily, which offer other possible lines of discharge ; by this arrangement, no 
more of the discharge could pass in the direction of such masses than could lie 
tnuisniitted without damage. 


Nora C. 

CONDUCTING POWER OP VARIOUS METALLIC SUBSTANCES. 

The lightning conductors first employed were usually of iron, and consisted of 
small rods or chams. Iron, howevrar, is not the best metal for this purpose, its 
conducting power being inferior to zinc, and fiu: below that of copper. Dr. Priestley 
observes, that an electrical explosion which only melts a copper wire of a given 
diameter, would quite dissipate an iron wire of twice that diameter. “ Copper,” 
he says," would therefore be a modi greater security for a building than iron ; 
but then it is more expensive.” For certiun small quantities of electricity, how¬ 
ever, all the metals are equally efficient, or nearly so; it is in the transmission of 
intense charges that the diff^noes become manifest. The conducting power of 
copper in such cases is full five times that of iron, and twelve times that of lead. 


Nora D. 

LAWS OF ELECTRICAL CONDUCTION. 

The heating effect of the same, or different <;(bantities of electricity, on metallic 
wins of the same or di&rent diuneters, ia as ^he««qnare of the passing quantity 
of riectricity directly, and os the squar^ of the diameter of the. wire inversely. 
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Tbtu the heat devoloiied by a paasing shock is four times as great when Uie quaa* 
tity of electricity is doubled, and ouly oae^fourth as great when the diuuetcr of the 
wire is doubled. A metallic rod, therefor^ of twice ihe diameter, conducts twice 
the quantity of electricity with the same development of heat. Taking the heat 
evolved as pi'oportionate to the resistance, w'e may conclude that the conducting 
power of a metallic body varies with the area exposed in catting it transversdy to 
its length ; tliat is to say, with the area of its section, since this is proportionate to 
its solid contents. 

In estimating the resistance of a metallio body to the transmission of a shock of 
eloctridty, we have also to take into consideration the distance traversed. Now the 
resistance to electrical transmission thton^^ a metallic wire, has been found to in* 
ert^ with the length of the wire ; that is to say, the resistance to the trans* 
mission of the duurge was twice as great when the length of the conductor was 
duubled ;*-*a law observable from one hundred up to one thousand feet in length. 
A ligfitning conductor, therefore, should have its dimensious increased, when re- 
cyiired to be of considerable extent. 

Tho explanation of the above general lows seems to be this ; supposing a given 
quantity of electricity to full on a single metallic particle, and to experieac%a given 
resistance to its progress, then tins resistance would be diminished by placing a 
second particle by the side of it, for the charge would be divided between the two. 
If two other particles were added, we may conceive it to be still further reduced in 
pnqiortion to the number of particles sharing in the comluctlou. Now, in the case 
of the section of a metallic wire, the diameter of which is double that of another, 
there are four times the number of partides^heuoe the resistance with the same 
qiuuitLly of charge is reduced to one-fourth. In a similar way, it may be shown 
that by increasing the length of the conductor, we continmUly increase tlic 
number of particles to be passed through,—dienee the resistance through twice 
tho length will bo twice as groat; through three times tlie length, three times 
as great, and so on. In the case of the quantity of electricity being increasod, 
wo have the resistance dependant not only on the increased charge, but also 
on its increased force. Thus a particle of metal condnetiug a double quantity 
uf electricity is subject to a double force, since it is quite reasonaUe to conclude 
that tho forces with which the uppositu electrical {lowers toad to unite, would in¬ 
crease with the amount of disturbance. 


Notb £. 

MECHANICAL EFFECTS OF T^ ELECTEICAL OISCHABGE. 

But it is not only the heating effect of the discharge we have to consider ; it 
is necessary to take also into account its more mechanical effects,--indeei^ it is 

* These differeat tasulie wen deter&ined by tho Anther in various inveetigatbus, pub- 
luhedso kMigMooeas the yew lli^,^sad they have siuce beoi conflnued by other in- 
quirera, both in tins Country and on the Cftitiaent 
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the tocpfutsiveactiourwhichproduiKiBihe gr@ftt omsa of damage by lightuing so 
oommoDly observed. If a powerful shodc of electricity be transmitted by. a fine 
mre, the wire vUl very often appear crippled throughout its length, and will 
exhibit a series of zig-zag cr^es. And if a mmilar shook be passed between 
two metallic baUs in a confined jtortion of air,' the air will be caused to expand 
with great Vioienoe, to as to frequently burst open the poutaining vessel. Ught 
bodies such as wafiws will become diqiersed in ah directions, when exposed to the 
expansive effect produced by the electric shock in passing through a short interval 
of air. 

In the application of liglitning conducton to bnildings, therefore, we have to 
consider the effect likely to be produced on them by the mechanical action of the 
shock, by which they may be disjointed, twistwl, or rent asunder in vai’iou^ways. 
Thus the small conductor of linked brass rod, at Charles Church, Plymouth, struck 
by lightning in December 1824, was literally torn in pieces and disjointed, and 
many of the links twist.ed into the shape of the letter S. A part of the small wire 
rope applied as a conductor to the Hotel des Invalides at Paris was broken inl^ 
small pieces an inch or more in length, and scattered in all directions by the light- 
niu^wlvch fell on that building in June 1839. This conductor consisted of alwul 
twenty iron wires twisted together os a rope; the lead surroumling the lantern 
was torn np and scattered, but without any signs of fusion. 

The intensity of electrical accumulation having been found to decrease in on inverae 
ratio of the square of the opposed surfaces, some electricians were led to inuigiue 
that extent of snr&ce was the great desideratum iu the applicatiou of a 
lif^tning conductor This decrease of intensity, however, does not aflect the 
conditions of conduction as regards the heating effect of the discharge, for 
whether the quantity of electricity be accumulated on a large extent of surfiice, 
or on a small one, the heating effect, when the discharge does ococur, is always ilie 
same. ^Whatever may be the distance at which the neutralization of the fura's 
begins, tliey always unite with precisely the same degree of power, the quantity of 
electridty being the same. 

This question, so frequently discussed, has not been My appreciated iu all its 
details, for although quantity of metal is an essential condition of a lightning rod, 
yet it is likewise desirable to place the metallic particles under os great an extent 
of stoi^ as may ,be consistent with strength and durability, iu order to keep 
down thulutensity of the shock, and dnainish the mechanical action. We may, 
iia fact,, lir the moment, consder a conductor, while in the act of carrying off a 
ebaxge of ligbi^^Si so electrified body. Its electrical intensity, therefore, is 
very much 1^ with » large surftoe than with a small one ; hence, by extent of 
Bur&ce, we diminish the activity of the passmg charge, and tranquillize its mechani> 

' nd on the. conductor. Thu% we find in a variety of cases of damage by 
lighting that- tha.^pai^ng charge, in Btriking\>n large expanded theeta of motal, 
has become cqm|mniti'rely tranquil, and has been tiaced no further, whilst in strik¬ 
ing an irnger masses of metal exposing bit a small suriace it has assumed an 
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intensely active state. The flash of lightning which strnok His Majesty’s ship 
Badger, lying in the Medway in Augost 1822, vanished, after strifcihg upon 
copper lining of the galley, although just before it had penetoted the mast, rent 
the copper, and melted the lead over the heads of two large bolts in the deck 
beams. 

Provided the quantity of metal be present^ the form under which we place it 
is evidently of no consequence to its conducting power, since it would be absurd 
to suppose that a mass of metal, under any form, did not conduct electricity in all 
its particles; indeed, we kuow that it does so, and that it is impossible to fuse by 
electricity a portion only of a homogeneous metallic plate of uniform thi ckneaH, 
Again, if the heating effect of a given quantity of electricity on a metallic wire be 
me^ured, and then the wire be roiled' out into a flat surface, or otherwise drawn 
out and placed under the form of two or more smaller ones, still the Hftma heat will 
be evolved when conducting the same Sharge.* There is consequently no disad¬ 
vantage in giving a lightning rod as much superficial capacity as possible os regards 
amductiug power, whilst, on the contrary, the diminished intensity attendant on it 
is very advantageous. This effect of auperiicial conductors appears to depend on 
the removal of the electrical particles farther out of the sjihere of ead^ oynu’s 
influence. In a dense solid rod they may be supposed to be in a shite of com- 
prenslon in each othePs way, as it were, whereas, by expanding the some quantity 
of iitelal into a It^rger surface, we immediately free them from this condition, 
and allow them greater space.t 

in order, llicrcforc, to riMlst the heating oifect we require quantity of metal 
to restrain the electrical iuteasily, and to diminish the meehauicai force we require 
extent of surface. The distinction is nice, but it is a very important one. 

Not*. F. 

HOW FAB DOES THE PROTECTING POWER OF A LIGHTNING 

ROD EXTEND? 

It Is not easy to assign the limit of the protecting powei' of a comluctqr. The 
French philosophers consider it will aflbrd proteotion over a circle equal to twice 
its radiusj: Tliis, although possible in certain cases, is by no means a general truth. 
All the experience wo have of the operation of conductors on discharges of 
lightning, tends to the conclusion that they have no influence whatever in deter¬ 
mining the course of such discharges further than arises out of the circumstance 
of their furnishing an eaiiy line of conductiou. That they do not always afford 
protection over any considerable distance, is clear from the following cases. 

Although these cases evidently throw doubt ou any theoretical calculation 

* TnuiB.^Ko^ Society for 1827. • 

f See PhiL Trims, fur 183i and 1836, p. p. 232 and 450, for some further inquiries on 
this point by the Author. w • ^ ' 

I Aunales de Chirme et de Physique, Vol. 26. 
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an to ihe limit of diatuiee, within which a pointed %hUU]ig couduotm: ^ afford 
protection and confirm in a remarkable way the views we have taken of 
electrical dischaii^es from the atmospbore; still they bear a small proportion 
to the great mass of instances in whkh lightning billing on buildings has 
struck on the conductors attached to them, ospeeiidly in such buildingB as have any 
elevated parts, as the spires of churches, central oupolas nud domes, columus, and 
the Uke. Kvcm in ships, the exceptions are by no means umaerous, although it is 
oertaiuly veiy aadesirable to trust to a conductor on one of the masts only. To 
meet, however, the great exposnre of large ranges of stragglbg buildings, it evi* 
dentiy becomes requisite to distribute connected conducting lines through them in 
any convenient way, and to unite them liues with pointe<l conductors placed at 
given parts of them. Thus, in such a building aa that represonted in the a^^ed 
figure pointed conductors should be applied from the 



points, abcdefgh, &c., and these conductors should be tied into one general 
whole by iumds of metal, c n d t e h, &c. 


Nora 0. 

WHETHER LIGHTNING RODS ATTRACT LIGHTNING. 

Amongst the objections made to the employment of lightuing rods, there ap¬ 
pears to have been none so popular, and at the siune time so plausible, aa this, viz,, 
that by sotting up pointed conductors we invite lightning to our buildings, which 
otlierwise would not fidl on them; that should the quantity of electricity dischui^'cd 
be greater than the rod can carry off, the redundant quantity must necessarily act 
vrith destructive violouce ; and that siuce we can never know the quantity of elec¬ 
tricity which may be accumulated in, and bo discharged from, the clouds, it is not 
improbable but that any conductor which we can conveniently apply, may be loo 
small for tho safe conveyance of such a charge. 

Although tho advocates of these opinions have never adduced any substantial 
fact, or any known law of electricity, in support of them, although they have 
never, by any appeal to experience shown that buildings armed with lightning 
rods ha^gs been sjamok hj lightning more frequently tiian bniLdings not so armed, nor 
demonstrated ai^ single instance in whi(^ t£ efficient lightning rod, properly 
epphed, has fiule4 to afford'proteotion—meverihqlesrsnch views have been common" 
ly entertained, indeed so strenuouidy have*1tiiey been uuistod on, and tiiat too by 
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peraonfl of education and influence, tiiat fiie OovenKH* GeneRiI and Cotmeil of the 
Honorable the East India Company wen led to order the lightning rode to be 
removed from their povrder magasineB and other public boHdinge, having in the 
year 1838 come to the eoacluricm, from certaia representations of their soientifio 
OlTicers, that lightning rods were, attended by mon dan^than advantage, in the 
tooth of which condusion, a Magazine at Duni'Buoi and a. Condng-houae at' 
Mazagou, not having lightning rods, were atrnok by lightning and blown np.* 

-In a work on Canada, published so lately as the year 1829,t we find the fiillowing 
passage“ Science has every cause to dread the thuuder>rodB of Franklin ; th^ 
attract destruction, and houses are safer without than with them. Were they able 
to carry off the fluid they have f^ie means of attracting, then there could he no 
da^r ; but this they are I 7 no means able to do.” Assertions such as these, ap* 
pealing as they do to the fears of mankind rather than to their dispassionate and 
sober judgment, have not altogether fiuftd in obtaining that sort of temporary 
favour which BO frequently attends a popular prejudice, promulgated without rea* 
son, and received without proof Not only is the idea that a lightning rod invites 
liglitiiing nnsupported by any fimt, but it is absolutely at variance wdth the whole 
course of experience. ^ ^ 

Hie notion that a Ughtning rod is a positive evil, appears to have arisen entirely 
out of assumptions, and a partial consideration of fiicts. Thus, in consequence of 
the track of a discliarge of lightning being always determined through a certain 
line or lines, which upon the whole least resist its progress, it has often been found 
to fall in the direction of pointed metallic bodies, such as vanes, vane^pindles, iron 
bars, knives, &c. The instances in which those bodies seem to have determined 
the coarse of lightning have been carefully recorded, the phenomena beii^ peculiar* 
ly striking and remarkable; but, on the other hand, no attention has been given 
to those instances in whidi lightning has altogether avoided an^ bodies, and passed 
in other (tirections. Now,it will be found, as we shall presently show, that the 
action of a pointed conductor is purely passive. It is rather the patient than the 
agent; and such conductors can no more bo said to attract or invito a disdiarge of 
lightning than a water course can be said to attract the water which flows through 
it at the time of heavy rain. 


Nots H. 

LAmAL DISOHABGE. 

The phenomenon, tenned lateral dischiffge in electricity, has frequently engaged 
the attention of electzidans. Bo long since as the year 1786, Priestley found that 
a metallic rod would, at the instant of discharging ui electrical jar, emit a qiark. 

* Correspondenoe with the Honorable Board of IMreotors; Professor Datgell and 
Dr. O’Shaughnessy. 

t Ihrae Yeats in Canada. ByiF.glfcTaggart, Civil Bngineet in the setvioe of the 
Britiah Government. 
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AtaxQorereeent^od,^ Profeaaor H«ai 7 ,= of New York, iu Mowiiog ap Van 
Mutun’s ejcperiments upon am^ wir^ expo^ to a current from the dectfical 
machine* obtained many new and cmrioue results ; he showed that sparks might 
be obtained from such wires, of an intensity sufficient to induonce hydrogen and 
produce other powerful, effects. 

These results have bean classed nnder the genwal head of lateral discharges, 
and have been adduced by many writers, without any very piiofound investiga¬ 
tion of the ^subject, as a ground of objection to the employment of lightning rods. 
They have nmther identified the phenomena with the conditions of the dectrical 
disdnurges from the atmosphere, nor have they brought forward a single case 
in which lightning rods, iu the act of transmitting discharges of lightning, have 
thrown out such lateral explodous, and thereby caused damage to surrounding 
bodies ^ so that the coudusiou arrived at that lightning rods are likdy to damage 
Imildinga by a lateral disdiatge of electricity, rests on no higher authority thau 
that or a mere assumption. * 

Biot examined this species of electrical action, and came to the conduslou that, 
the spark observed to take place from tho discharging circuit of an electrical jaV, 
is^e to a small quantity of redundant electricity which always exists on one or 
other ^ its coatiugs, and not to the discharge. 

Priestley, so long since as the year 1770, had arrived at nearly the same condu- 
Bion,t and in the London and Edinburgh Journal of Science for Pecmiler 1829, 
will be found a further investigation of this subject by tbe Author. It is there 
proved-— 

Finl. —^That at the time of the discharge no portion of tbe neutralizing fonies 
escapes from the dischar^ug rod under tho form of a lateral explosion. 

That the spark supposed to be a lateral discharge produced by the 
passing shock, is as readily obtained tn/ilem has beoom neutralised as at 

the apparent moment of discharge. 

thirSy .—That the kind of dectricily of which the spark consists, varies with 
the electridty in excess upon either of the coatings. 

That the magnitude of the spark varies with the extent of surface 
upon whidi the accumulation has taken place; so that a given quantity of elec¬ 
tricity accumulated on several jars does not produce a residuary spark equal 
to that obtained from the same quantity accumulated on one jar ozily, not¬ 
withstanding the heating effect of the aocumuiation remains in both cases the 
some ; .and further, that double or ^ble the quantify of electridty discharge 
from double or treble the number of equal jars, gives a residuary spark of no 
greater magnitude than a single quantity discharged from a single jar, and that, 
as a double or treble quantify of electricity, in passing through a dischai^ng rod, 
would certunly give out a spark of greater intensify than a single quantity, were 


Tfilooli'a Hagasineand Beports of Brif^dylssoeiatioii, Volume VL 
. t Fhib Tcaos., Vofttuie hTL, p .lSf2. 
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thin spark a lateral explosion, it is evident that the phenunenon temed' Intend 
disohaiige is not refemUe to any action of either of the neatralkiiig foroejai k 
their passage through the rod. 

“I never observed,” says Priestley, ** the least attraction of bodies towszds the 
brass rod through which the explosion passed, though I employed several methods 
which could not fail to ^ow it. I could not find thattiie exidosion of a battery, 
made ever so near a brass rod, ever disturbed its electrical state, forwhml 
insulated the rod, and hung a pair of pith balls ou the end qifposlte to that near 
which the explosion passed, I found the balls were not the least moved.”* The 
application of this phenomenon, therefore, termed the latmal «£ploaioa, to the 
case of a lightning rod, is not warranted by the simplest experiments. 

‘ ^ the numerous iustauces in which lightning has been disdiarged into the sea 
by the bolts in the solid thubers and planking of ships, we do not find any trace 
of a lateral discharge ; althot^ in large^hips these bolts are several feet in length. 

The small discharges thrown off by a wire leading from a ball in the act of 
^receiving dense sparks from an electrical machine, result from the same species 
of action; the electricity accumulated ou the eondnetor operates by induction 
upon surrounding bodies, but more pu'ticalarly the nearest. Any njr]j|#rj 
conducting substance, therefore, opposed to it completes the terminating sur&ca 
of a charged system, so that the air between the opposed snr&ces becomes 
charged. But in this process electriciiy is displaced from the wire by indn^on, 
and will strike ofij as in the former case, on free condneting bodies, and this will 
continue so long as sparks pass between the two condnetors, That ia^ so long as 
a successiou of charges and discharges coutinae. It is donbtful whether there 
really be a current discharge in this wire at. all: its condition Is uttogether 
dissimilar to that of a Ughtning rod. Besides these, there are many other 
circumstances, contingent on this experiment, which greatly complicate the quesUon, 
for since the great conductor of the machine operates by induction upon the 
table, fioor, and walls of the room in which the experiment is performed, we may 
elicit sparks frpm gas pipes and wires leading to the earth, although in 
no way connected with the receiving ball. The nature of these sparks will 
depend on the negative or positive indnetioa ou the fioor, or other suxfiMms, 
by the positive or negidive conductors of the machine. If the small wire 
from which the lateral explosions, as they are temed, proceed, be connected direct¬ 
ly with the machine, these phenomena disappear ; for the accumnlation on the con¬ 
ductor is prevented from reaching any great intensity—hence, in order to obtriu 
this species of electrical discharge in any force, it is requisite to employ duruptiTU 
discharges between opposed oonductors, and the larger the surfime of tiie obaigwl 
eondnetor, the greater is the effect produced. 

It has, however, been coUteuded, that although no lateral explosion ekould occur 
from the passage of the neutnfiizing forces, yet that tire great excess of elecr 

* Ptie8tl6]||||rtl1iior]r of Bloctrinty, p. 683. 
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trioity in the charged cloud may produce it: iMscaiise, if the flash briuga down only 
enough to compensate the induced condition of the earth, as it eduts before the 
discharge, it will bring down more than the earth, in its Iheti condition, has a 
capacity for.”* All this, however, is extremely hypotheti<%i,l; we have seen why 
it is that any excess remains, after tihe discharge of an elcctriciil jar,—it is simply 
because other bodies share in the induction, and all the force is not exerted between 
the coatings; but in as much as this couditiou does not apply to the clouds 
and earth, it is very possible that the forces between these, may exactly com¬ 
pensate each other without any remainder, hence it is by no means proved that 
aftci’ an atmospheric discharge, the excess in question would exist, at least nrtt to 
auy extent, and if it did, it remains to l«c shown that it could discluu'ge upon a 
body, not having a “ capacity for it,” that is, upon a btxiy in which an e(piij-uJt;'il 
opposite state could not be indua'd. To imagine this, is to citst aside all the known 
laws of electrical charge; if, tha^efore, sncli an excess remain, it eau ojily operate 
by a sec-ondswy discharge in a way perfectly analogous to the pr»i;ediiig, that is, by 
inducing a secondary disturbance ; bnt this it could perhaps as well eU'cv-.i ai. tii'st, 
and leave no remainder. Hence there would he either no excess of electi-ieity in 
theVi’oqds after an atmospheric discharge, or otherwise, if it existed ; it would re- 
inain there until it induced in some other [.toiut of the earth’s suidace .an o]>posii') 
force, equivalont to produce disruptive discharge, that no rodmid.ant electricity 
passes over at the moment of discharge is quite demonstrable ; for if a cliargcd 
Jar bo placed ou an insulated couducting b:isc, and be «Usebargcd by a curved rod 
held by a glass handle, cautiously brought up from the <nitcr coating Uj within a 
striking distkuce, then, altiioagh a considerable extu^ rcmalu.s in thi; jar, not :my 
excess will be fotmd on the conducting table, if tlic jar be removed fi-om the 
table by its insulating mterval, without touching the outer (toaliiig. 

The truth or fallacy, however, of particular views of tliis kind, is after sill best 
appreciated by a careful examination of the Laws of electrical dischm-gc, olmervable 
in gicat natural operations. 

We have seen that a lightning rod is a discharging conductor placed immediate¬ 
ly between the terminating planes of a charged system, in which all the snr- 
roundii^ bodies are similarly involved : but this is not the condition of a wire 
placed beyond the system, where it in no degree contributes to the neutralization 
of the opposed electrical forces. Consequently wo And, on appealing to the expe- 
rienee of nerly a century, that not a single case con lie adduced iu which a lightuiug 
rod, iu the act of transmitting a heavy charge of lightning, has thrown oifa lateral 
^{doBion on semi-msalated masses near it, 

liTors I. 

DIVISION OF THE CHARGE. 

Altbotigh there is no instance on record of an wolated lateral explosion of clcc< 

tririty fmua lightning rod yet we find instances in which the disdiargo has dividid 

------... 

I'roceediogs vt the London £loctoiou'£i:'’iety, December 20,1821. 
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bclwctiii tlie conductor and olher metaUic bodiea in connexion with the earths Aa 
thcHe cases have been also called “ lateral discharges,” it will be reqalsite to ex¬ 
amine them. But l)cfore we proceed to the consideration of such caseS; it may be 
as well to define clearly the difference between a division of the passing shock upon 
other lines of conduction near the conductor, and mere explosion of electricity. 
This is ilie more nccessoi'y, because those who have written on the subject, have 
never explicitly stated, what they really mean by lateral discharge as applicable to 
the action of a liglitning rod. 

Let P N represent alightuing rod, and ab e detached metallic masses employed in 
the (!onslniction of a building, such as cramps or other fiistenings, and near which 
the rod ]jasscs. Then, in the absence of the rod, these metallic bodies a i e are 

In «ti position to operate as so many stepping stones for the electrical ex¬ 

plosion, by which ito course would l»e %iilitated from the highest points of the 
building t(i tins earth. Now directly wo apply the rod P N we supersede the 

action of these masses, as so many points in a possible line of discharge, 

a^d prevent the ilaniiige which we have shown would necessarily ensue 
bidw'uen them. The only questiou, therefore, remaining for our considerate 
ill such eases is tliis—Uau the boilies ab e elicit from the conductor Pl^s^tiie 
instant of its transmitting a heavy discliarge of lightning, a destructive lateral 
I'xjilosion upon the parts of the building in which they happen to be placed? This 
is the legitiiuale .and fair detiiiitiou of latcrel discharge as applicable to a lightning 
rod : and we have proveil, both by a copious ludnction of facts, and by an appeal 
to o.\))eriraeiit, that there is no such cftcct jnoduced in the progress of eitiier 
natural or tu’Lificial disruptive discharge. 

The possibility of tlic discharge dividing in its course, between the rod and 
nu'tiillic bodies in good conducting connexion with the earth, is quite another 
(|uestiou. Thus, loi e m d y f y be metallic pipes or other conducting substances, 
terminating either directi}' or indirectly in the earth at N in common with the light¬ 
ning rod P N. And suppose these substances to commence from, or to be continued 
III rough Horufi yioints d e/ very near the rod ; then, if from the small capacity of 
the rod, or any other casualty, the resistance in the direction of these points d e/ 
should happen to be less, or even equal to that in the direction of the rod P N, the 
ch:u-ge, ml already shown, is almost ceiHain to divide upon the 
circuits, d e f. Hence it is that lightning rods aliould be united to aU the metallic 



circuits in a building* which Isid^to the ground, iB*order that all chance of 
destructive explosion between tire cq^^Rictor and such circuits, may he avoided. 
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